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ABSTRACT 
Antos, Joseph A., M.A. June, 1977 Botany 
Grand Fir (Abies grandis (Dougl.) Forbes) Forests of the Swan 
Valley, Montana 
Director: James R. Habeck 
Abies grandis (Dougl.) Forbes is abundant and potentially climax 
over much of the lower Swan Valley in northwestern Montana, between 
the valley bottom (900 m) and 1500 m elevation. A phytosociological 
study was done on these Abies grandis forests to determine species 
composition and the environmental or successional factors responsible 
for compositional variation. 
Species coverage and site parameters were ascertained from 56 
natural stands representing a wide range of site conditions and stand 
ages. In addition, 13 clearcut forests were sampled to determine 
early vegetational development after this type of disturbance. The 
vegetation data were used to arrange the natural stands in a two-
dimensional Bray-Curtis indirect ordination. 
Moisture status and successional development are the most important 
factors determining species composition among the Abies grandis 
forests. Water relations are influenced by many factors of which 
topographic position, seepage, and geographic location are most 
important. Temperature sets the upper elevational limits of Abies 
grandis, but does not contribute much to the variation.within the 
Abies grandis forests. 
Few, if any, stands have reached the climax status due to the 
occurrence of past fires. The natural landscape in the Swan Valley 
area is composed of a mosaic of various-aged stands. Although 
ground fires occurred, high intensity replacement burns were more 
significant and initiated most stands. Following hot fires, Larix 
occidental is Nutt. can become established and now forms the dominant 
layer in most stands. Pinus contorta Dougl. is important in most 
young stands, but is eliminated from many sites by the long time 
interval between fires. If Pinus contorta or Larix occidental is 
fail to establish after a fire, a mixture of Pseudotsuga menziesii 
(Mirbel) Franco, Abies grandis, Pinus monticola Dougl., and Picea 
sp. slowly form a new stand. The major change in understory species 
composition occurs upon canopy closure. On wetter sites Thuga 
plicata Donn. is common and appears to be coexisting with Abies grandis. 
Early vegetational development on clearcuts bears many resemblances 
to that after natural burns although there are some important dif­
ferences. Management implications of the study are discussed. 
ii 
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CHAPTER I 
INTRODUCTION 
The entire Rocky Mountains constitute a region that is charac­
terized by a relatively dry, continental climate. Numerous inter-
mountain valleys are covered with grassland or desert shrubs while 
forest occurs only well up in the mountain ranges. West of the 
Continental Divide in the Northern Rocky Mountains, an impressive 
anomaly occurs in this basic pattern due to the influx of moist 
Pacific air masses. In northern Idaho, northwestern Montana and 
southeastern British Columbia luxuriant forests, occurring at low 
elevations, are much more reminiscent of forests of the Pacific 
coastal region than of most Rocky Mountain forests. 
The moist, low elevation forests of the Northern Rocky Mountains 
resemble those of the Pacific coast not only in general appearance 
but also in species composition. Many species exhibit a disjunct 
distribution, being present in both the Northern Rocky Mountains and 
Pacific coastal region but virtually absent in between. Included in 
this group are a number of tree species which are of local prominence 
in the forests of northwestern Montana such as western hemlock (Tsuga 
heterophylla), western redcedar (Thuja plicata), western white pine 
(Pinus monticola), grand fir (Abies qrandis), and mountain hemlock 
(Tsuga mertensiana) (Figure 1). These species become steadily more 
restricted in distribution to the east and eventually disappear from 
1 
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the forests in relation to the concurrent deterioration of the Pacific 
climatic influence (Daubenmire 1969). 
The Swan Valley lies in northwestern Montana (47% to 48 N, 113% 
to 114 W) near the eastern range limit of many of the species related 
to the Pacific climatic influence (Figure 1). The northern part of 
the valley supports extensive forests dominated by various combin­
ations of western larch (Larix occidental is). Douglas-fir (Pseudotsuga 
menziesii), western white pine, grand fir and western redcedar. 
Since Abies grandis appears to be potentially climax over much of 
this area and is also the most abundant of the tree species related 
to the Pacific climatic influence, the study was designed to concen­
trate on forests containing this species. 
The forests in the Swan Valley are being rapidly altered by 
logging. At the present time a large proportion of the forest vege­
tation still remains little affected by human influences, thus pro­
viding a large area for study. Most of the forest land in the Swan 
Valley is under the administration of either the Flathead National 
Forest, the State of Montana (Swan River State Forest), or Burlington 
Northern Corporation, all of which are interested in the production 
of forest products. The grand fir forests, which are of relatively 
high productivity by Montana standards, will probably continue to 
be managed primarily for wood production. Consequently within twenty 
years or so there may be only remnants of old-growth timber remaining 
thus making a basic phytosociological study of the area pertinent 
at this time. 
The basic objectives of the study were to: (1) determine the 
compositional characteristics of forests representing the entire 
range of conditions under which grand fir grows in the Swan Valley; 
(2) identify the environmental factors responsible for the varia­
tions in species composition and abundance; (3) elucidate the 
successional patterns present; and (4) illustrate how this infor­
mation can be applied to resource management in the Swan Valley. 
CHAPTER II 
GENERAL DESCRIPTION OF THE STUDY AREA 
Geography 
The Swan Valley lies in northwestern Montana south of Glacier 
National Park, east of Flathead Lake, and immediately west of the 
Bob Marshall Wilderness (Figure 2). The valley is approximately 
75 km long and comprises part of a trench bounded by parallel mountain 
ranges. The western edge is formed by the Mission Mountains, the east 
side by the Swan Range. The Swan River flows north through the valley 
into Swan Lake (935 m elevation), which is a narrow lake (about 15 km 
long and averaging 1 km wide) that occupies the constricted northern 
part of the Swan Valley. From Swan Lake the Swan River flows north 
a few kilometers through a broad valley which is continuous with the 
Flathead Valley and then west a short distance around the northern 
end of the Mission Mountains to empty into Flathead Lake. South of 
Swan Lake, the bottom of the valley is fairly level and broad, 
averaging about 8 km in width, and gradually increases in elevation 
southward from 935 m at Swan Lake to 1300 m at the very gentle Swan-
Clearwater Divide (Figure 2). 
The Mission Mountains begin adjacent to the northern extremity 
of the Swan Valley, and rise steadily southward, attaining an eleva­
tion of 3010 m at McDonald Peak, adjacent to the upper end of the 
Swan Valley. From the Swan Valley the slopes of the Mission Mountains 
5 
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rise gradually and are heavily forested on the lower slope positions. 
On the east side of the Swan Valley the Swan Range rises abruptly 
and maintains a high ridge line throughout, rarely dropping below 
2000 m and rising to 2852 m at Holland Peak (Figure 2). 
Numerous tributary streams flow at right angles to the main axis 
of the Swan Valley and drain both the Mission and Swan Mountains, 
These streams have deeply dissected the mountain masses, yielding 
deep side valleys with sharply contrasting north and south slopes. 
This condition is especially well developed in the Swan Range along 
the northern and central part of the Swan Valley. The lower slopes 
of the Swan Range are generally well forested, but more treeless 
areas occur here than on the Mission Mountain side, due to the 
steeper slopes and corresponding increase in unstable rocky areas 
within the Swan Range. 
CIimate 
The climate of the Swan Valley is strongly affected by Pacific 
air masses. During the winter relatively warm moist air masses move 
inland from the Pacific Ocean following the prevailing storm track 
along the Canadian border. These air masses lose much of their 
moisture over the Cascade Mountains and the mountains of northern 
Idaho and extreme northwestern Montana, but enough remains to yield 
large amounts of precipitation to the lower elevations as these air 
masses finally intercept the main ranges of the Rocky Mountains east 
of the Flathead Valley (Figure 3). Moist Pacific air enters the 
Swan Valley both from the open north end and over the relatively 
8 
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low northern part of the Mission Mountains to yield precipitation in 
the lower Swan Valley. Southward the Swan Valley becomes noticeably 
drier due to the imposition of a rainshadow in the lee of the higher 
portion of the Mission Mountains. 
Table 1 summarizes available precipitation data for the study 
area and several adjacent areas. Only one weather station (Swan 
Lake), run in cooperation with the National Weather Service for 
about 20 years, exists in the grand fir forest region of the Swan 
Valley. Since precipitation increases rapidly with elevation and 
this station is on the valley floor, most of the mountain-side grand 
fir stands probably receive more than the 756 mm per year recorded 
here. The decrease in precipitation to the south can be seen by 
considering the value of 721 mm per year at Lindbergh Lake in the 
upper Swan Valley. This is less than at Swan Lake in spite of an 
elevation 410 m higher. Seeley Lake (1250 m), 26 km south of the 
upper end of the Swan Valley, accentuates this trend with only 556 mm 
per year. The Condon Ranger Station (1123 m) located in the central 
Swan Valley maintains only summer records, but these also indicate 
less precipitation than at Swan Lake. The rapid decrease in precip­
itation away from the Mission Mountains and across the Flathead Valley 
can be seen by contrasting Bigfork (573 mm annually), at the base of 
the Mission Mountains, with Kalispell (398 mm) near the center of 
the Flathead Valley. 
Precipitation in western Montana is lowest during July, August, 
and September, with the highest amounts occurring in the winter and 
TABLE 1. Precipitation data for weather stations in and near the Swan Valley 
Average Precipitation Values in Centimeters 
Station Elevation JFMAMJJASOND Yearly 
(meters) ^ 
Swan Lake 960 10.6 6.6 5.4 4.2 5.1 8.0 3.1 4.5 4.8 6.2 8.5 8. 7 75.6 
Condon 1123 - - - - 5.0 6.5 2.5 2.9 5.1 5.4 - -
Lindbergh Lake 1372 11.7 6.1 6.1 4.6 4.4 7.3 3.0 3.3 4.5 5.3 7.5 8. 3 72.1 
Seeley Lake 1250 7.3 4.8 4.0 3.7 5.2 6.4 2.6 2.5 3.7 3.8 5.7 6. 9 56.6 
Bigfork " 887 5.3 3.2 3.1 4.1 6.1 8.7 3.3 3.0 4.6 4.8 5.2 5. 2 57.3 
Kali spell 905 3.4 2.4 2.1 2.6 4.4 6.0 2.7 3.5 2.8 3.1 3.4 3. 4 39.8 
Hungry Horse Dam 963 9.3 6.9 4.9 5.1 6.3 7.5 4.0 5.2 5.4 8.5 8.4 7. 7 79.1 
West Glacier 961 8.4 6.2 4.6 4.7 6.4 8.7 3.7 3.8 5.7 6.9 8.1 8. 1 75.3 
Polebridge 1125 7.4 5.5 4.1 4.1 4.1 5.6 3.0 3.4 3.3 5.1 5.9 7. 3 58.6 
(from U.S. Dept. of Commerce 1965, 1961-1975) 
n 
late spring. Although the wetter stations have somewhat higher summer 
precipitation, the major precipitation differences seem to occur in 
the winter. 
There are no snow accumulation data for the grand fir forests 
since all now courses are above the grand fir zone. Observations 
indicate that a snow pack over 1 m in depth develops on much of the 
grand fir area except at the lowest elevations. 
Along with increased precipitation, the Pacific air masses 
moderate temperature extremes, especially during the winter. While 
very cold, arctic air masses frequently occur on the plains east of 
the Continental Divide, only occasionally do these dense layers of 
cold air rise over this mountain barrier to invade the northwestern 
Montana valleys. In addition, warm, dry mid-winter Chinook winds, 
which can have a desiccating affect on vegetation, occur frequently 
on the east slope of the Continental Divide but are rare on the west 
side. Therefore, the climate of the west side of the Divide is 
buffered by the moderating influence of the Pacific Ocean and presence 
of the mountain barrier against the extreme temperature fluctuations 
and strong dry winds typical of the highly continental climate east 
of the mountains. 
Table 2 presents monthly average temperatures for locations 
within and adjacent to the Swan Valley. The average July temperature 
is 16.9°C at Swan Lake (960 m) while the average January temperature 
is -S'C and the average annual temperature is 5.8°C. Since temper­
atures generally tend to decrease with increasing elevation, the 
grand fir stands at higher elevation experience cooler temperatures. 
TABLE 2. Temperature data for weather stations in and near the Swan Valley 
Mean Temperature in Degrees Centigrade 
Station Elevation JFMAMJJASOND Yearly 
(meters) 
Swan Lake 960 -5.1 -1.8 0.7 4.9 10.1 13.8 16.9 16.4 11. 6 6.2 0.4 -4. 2 5.8 
Lindbergh Lake 1372 -6.1 -2.6 -1.3 3.8 9.3 13.4 17.6 17.1 11. 2 5.6 -0.5 -4. 8 5.2 
Seeley Lake 1250 -7.3 -3.6 -1.3 4.4 9.3 12.9 16.8 16.0 12. 9 6.6 -0.3 -5. 2 5.0 
Bigfork 887 -3.3 1 O
 
1.7 7.1 11.6 15.2 19.0 18.8 13. 6 8.3 2.1 -1. 1 7.8 
Kali spell 950 -6.8 -4.2 -0.1 6.5 11.2 14.7 18.7 17.3 12. 6 6.6 
o
 1 -3. 9 6.0 
Hungry Horse Dam 963 -6.9 -4.1 -1.2 4.9 10.6 14.2 18.3 17.3 12. 4 6.2 -0.3 -3. 2 5.7 
West Glacier 961 -6.2 -3.1 -0.6 5.2 10.2 13.8 17.4 16.6 11. 5 5.8 -0.4 -3. 9 5.5 
Polebridge 1125 -8.4 -6.2 -2.2 3.8 9.3 12.6 16.2 14.9 10. 6 4.9 -2.1 -5. 6 4.0 
(from U.S. Dept. of Commerce 1965, 1961-1975) 
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although at times this tendency would be reversed by valley inversions. 
Lindbergh Lake (1372 m) and Seeley Lake (1250 m) do have cooler 
average temperatures. West Glacier (961 m). Kali spell (950 m), and 
Hungry Horse Dam (963 m) all have average annual temperature values 
similar to Swan Lake. These latter stations are at comparable 
elevations, and thus are indicative of the importance of elevation 
in determining temperatures in the study area. 
Summer frosts can be expected at times throughout the entire 
grand fir zone, but I have observed such conditions only above the 
upper elevational limits of grand fir (1600 m) or on the valley 
bottom. Table 3 presents data indicating the average number of days 
between the occurrence of temperatures of 0, -2.2, -4.4, -6.7, and 
-8.9°C. Swan Lake, with an average of only 59 days between the 
occurrence of freezing temperatures, along with all the other stations 
are located on valley bottoms where nighttime inverstions tend to 
develop, thus the lower mountain slopes may be subjected to consider­
ably less frost than these values indicate. 
Geology 
The Swan and Mission Mountain Ranges are composed of Precambrian 
Belt Series rocks. In these areas the Belt Series is composed of 
sedimentary rocks which have undergone low grade metamorphism, 
yielding strata ranging from siliceous argillite and quartzite to 
limestone (Johns 1964, 1970, Bengeyfield et 1976, Harrison et al. 
1969, Ross 1959, 1963). Many of these rock layers tend to be impure 
and often intergrade. 
14 
TABLE 3, Average number of days between the occurrence of various 
temperatures for locations in and near the Swan Valley 
Temperatures 
Degrees Centigrade 
Station Elevation 
(meters) 
-8.9 -6.7 -4.4 -2.2 0 
Swan Lake 960 213 180 141 101 59 
Lindbergh Lake 1372 213 177 161 125 85 
Seeley Lake 1250 205 179 149 103 55 
Bigfork 887 263 241 199 160 136 
Hungry Horse Dam 963 245 232 204 173 127 
West Glacier 961 236 208 177 134 89 
Polebridge 1125 187 161 134 72 29 
(from U.S. Dept. of Commerce 1965, 1961-1975) 
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Both the Mission and Swan Mountains are large tilted fault blocks 
with scarp faces on the west sides (Figures 4 and 5). The first 
major deformation and uplift of the Belt Series rocks occurred during 
the Laramide orogeny in the late Cretaceous and early Tertiary, 50 
to 60 million years ago (Bengeyfield ^ 1976, Johns 1970). The 
Swan and Mission Mountain Ranges as presently known were formed by 
faulting during the late Tertiary or early Quaternary (Bengeyfield 
^ 1976). The dip slope of the Mission Mountains facing Swan 
Valley is composed primarily of limestone while the scarp face of 
the Swans has limestone on the upper parts with mostly argillite on 
the lower slopes. The valley bottom is deeply filled with material 
derived from the mountains. 
During the Pleistocene the whole study area was glaciated. 
Numerous mountain glaciers moved down the stream valleys to merge 
into a large glacier that covered the Swan Valley floor (Alden 1953, 
Bengeyfield et 1976, Johns 1970). The Swan Valley glacier moved 
north to connect with the large ice lobe that filled the Flathead 
Valley to what is now the south end of Flathead Lake (Johns 1970). 
Since the Flathead Valley glacier was moving south, considerable 
directional change in ice flow patterns had to occur at the junction 
of the Swan Valley glacier. The low northern end of the Mission 
Mountains was overridden by ice and thoroughly smoothed off (Johns 
1970). The consequences of this glacial activity can be seen in the 
topography of the mountains and the large amounts of till left on 
the valley bottom and also on many mountain sides. Thus the major 
parent materials of the study area range from various forms of till 
Fig. 4 Geologic map of the Swan Valley 
(primarily from Ross ^ al_. 1955) 
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to residual rock material both of which may be calcareous or not to 
varying degrees. In addition there are some areas of alluvial material 
especially on the main valley bottom west of the Swan River. 
Soils 
The soils under the grand fir stands in the Swan Valley are 
generally derived from glacial till with a few areas of soils derived 
from residual or alluvial material. On the Mission side the till is 
primarily calcareous due to the calcareous bedrock (Martinson, 
personal communication 1976). This limestone weathers to a finer 
material and also is more highly fractured than the other bedrocks 
of the region, thus yielding more available water through both greater 
soil water holding capacity and a larger amount of seepage water. 
On the Swan Range the till is mostly non-calcareous due to the pre­
dominance of siliceous rock at lower elevations, although some cal­
careous areas occur farther back in the mountains. The depth of the 
till is highly variable with some areas having only shallow layers 
of till over the residual material. 
The typical soil profiles under grand fir stands contain a 
superficial mor humus layer from 2 to 6 cm thick; a very thin, often 
intermittent ash-gray ^2 ^ thick; a very loose, low 
density, reddish-brown andic (Bir) horizon often 15 to 25 cm thick; 
and below this, grayish rocky to very rocky till which may or may not 
show some horizon development. The andic (Bir) horizon is present 
under almost all the wetter forest types but is absent under most drier 
forest types. This layer is generally believed to be formed from 
volcanic ash although there may be other factors involved (Fryxell 
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1965, Smith 1968, Klages^^. 1976, Bengeyfield ^ al^. 1976). 
The texture of this horizon is silt loam, with very little rock 
except where mixing has occurred on some steep slopes. This layer 
has a high water holding capacity, cation exchange capacity, and 
nutrient content (Klages et 1976, Bengeyfield ^ al^. 1976, 
Martinson personal communication 1976). The boundary with the till, 
or in a few cases residual material, is very sharp except on some 
steep slopes. The till varies from loose to very compact. Where 
the till is compacted some hinderance to tree root penetration may 
occur although I have consistently observed at least a few roots in 
this type of material. 
On a very simplistic level, the soils under the grand fir stands 
can be considered as immature, developed from glacial till covered by 
volcanic ash. Only minimal profile development would be considered 
as having occurred. Although this basic concept may be correct it 
is also possible that the genesis of these soils deviates drastically 
from this viewpoint if the andic (Bir) horizon does not have a direct 
volcanic ash origin. The soils of the region are well supplied with 
nutrients, compared to many coniferous forest soils, due to the nature 
of the parent material and absence of intense leaching. The soils 
probably have their greatest influence on vegetation composition 
through water relations (Harrison personal communication 1976, 
Martinson personal communication 1976). 
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General Vegetation of the Region 
Grand fir is abundant in the forests of the northern Swan Valley 
from the valley bottom upward to 1500 m (MSL). Western redcedar has 
upper elevational limits similar to grand fir (Figure 6). The 
forests here can be divided into a lower (montane) zone which contains 
all of the grand fir, western redcedar, western hemlock, and most of 
the western white pine, and an upper (subalpine) zone which is lacking 
in these species. Grand fir is potentially climax on sites with 
average moisture status over much of the lower zone. Western redcedar 
assumes this role on the wettest sites, while Douglas-fir exhibits 
such a status only on the driest sites. Above 1500 m (MSL), subalpine 
fir (Abies lasiocarpa) and Engelmann spruce (Picea engelmannii) are 
major forest components. The pioneer species, western larch and 
lodgepole pine (Pinus contorta), occur throughout the lower zone and 
extend into the upper zone as does Douglas-fir. The upper zone can 
be divided into a lower subalpine zone, which contains significant 
amounts of western larch and Douglas-fir and an upper subalpine zone 
which lacks these species, still supporting large amounts of whitebark 
pine (Pinus albicaulis), especially on drier sites (Pfister ^ 1977). 
The present-day forests of the lower slopes of the northern Swan 
Valley are typically composed of an overstory of serai but long-lived 
western larch, mixed with Douglas-fir and western white pine. Small 
grand fir are often abundant beneath the larch-dominated overstory. 
In general these forests display a rather luxuriant appearance with 
a profusion of mesophytic herbs and shrubs, and a prominent lichen 
Fig. 6. Idealized tree species distribution along a hypothetical south-north transect across a side 
stream valley of the Missoin and Swan Mountains in the region of the noi-them Swan Valley. 
Solid lines indicate species which are major forest components and dashed lines indicate 
minor forest components. 
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and bryophyte flora. In some areas understory shrubs, especially 
western yetf^ (Taxus brevifolia) are very dense making travel through 
the forest difficult. 
On much of the valley floor, grand fir is replaced by subalpine 
fir, apparently because of frost influence, although these forests 
are otherwise similar to those on the lower mountain slopes in species 
composition. Adjacent to the Swan River, the forest is composed of 
black Cottonwood (Populus trichocarpa) and spruce (Picea glauca and 
glauca X £. enqelmanni i). Picea engelmanii and P^. glauca have 
hybridized and introgressed extensively in this area (Weaver 1965, 
Habeck and Weaver 1969). The higher elevation spruce populations 
appear to be engelmannii, but the lower elevation spruces are 
white-Engelmann hybrids. I will refer to the lower elevation Picea 
populations simply as "spruce" in this thesis. 
In the upper reaches (south end) of the Swan Valley grand fir, 
western redcedar, and western white pine are uncommon and localized 
due to decreased precipitation. Douglas-fir or subalpine fir appear 
to be the potential climax species over most of the upper valley area. 
CHAPTER III 
LITERATURE REVIEW 
There are very few published accounts dealing with the vegetation 
of the Swan Valley. More numerous are studies examining grand fir 
dominated forests in Idaho, Washington, and Oregon. In addition, 
there are a number of papers addressing the forest vegetation of 
northwestern Montana. 
In 1898 H. B. Ayres (1900a) conducted a field reconnaissance to 
evaluate the status of forest resources, for the Department of the 
Interior, on the newly created Flathead Forest Reserve, which covered 
a vast area of land just north of the Swan Valley including part of 
the Flathead Valley, the Whitefish Range, and all of what is now 
Glacier National Park. During 1899 Ayers (1900b) made a similar 
examination of the Lewis and Clark Forest Reserve which encompassed 
the Swan Valley and all the land east of there to the great plains. 
In the latter report, Ayers indicates that the lower part of the Swan 
Valley was heavily forested with western larch and Douglas-fir, while 
the upper part was covered with a poorer growth of lodgepole pine and 
western larch. 
His comments on fire occurrence are of special interest. He 
states that "Probably 90 per cent of the valley has been burned over 
within the past one hundred years." The fires ranged from high 
intensity burns that destroyed all the trees to low intensity ground 
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fires which burned some of the undergrowth but had little affect on 
the canopy layer. "Large areas, especially in the upper part of 
the valley, have been recently burned over without showing much 
effect of the fire, especially such effects as may be seen from a 
distance." He also points out the much more intense and lasting 
effects of fire on the mountain slopes over that in the valley 
bottoms, "The western slope of the Kali spell Range [Swan Range] south 
of Swan Lake is now almost bare." The Mission Mountain side, though, 
had sustained less extensive burning than the Swan Range. One of 
Ayers' most interesting observations relates to the effect of fires 
in the lodgepole pine-western larch forests in the southern Swan 
Valley. High intensity fires increase the proportion of lodgepole 
pine, while moderate fires favor western larch. This perceptive 
early observation has been validated by modern studies (Gabriel 1976). 
Whitford (1905) reported on the forests of the Flathead Valley, 
including the northern part of the Swan Valley and Mission Mountains. 
He describes grand fir as often being associated with western white 
pine and occurring on a moisture gradient between Engelmann spruce 
stands with high water tables and drier western larch-Oouglas-fir 
forests. Grand fir is considered, by Whitford, more shade tolerant, 
more drought resistant, and less capable of growing as high as 
western white pine. He describes western larch as "by far the most 
successful tree in the Flathead Valley." In regard to fires he comments, 
"There is scarcely a section of land in the area investigated 
that has not been more or less burned over. In some places 
mere surface fires have run through the woods, scorching the 
trunks of the trees sufficiently to scar them. In other 
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situations the fires have burned vigorously through small 
areas killing many of the trees. Still other fires have 
destroyed completely large areas, leaving many acres with 
not a single tree." 
These observations support those of Ayres relating to the vast 
influence and variable nature of fires. Whitford also recognized 
the ability of lodgepole pine to restock heavily burned land, 
realizing the advantage of cones that are opened by the heat of 
fires and the production of cones at a very young age. 
Kirkwood (1922) described the forest distribution in Montana and 
adjacent Rocky Mountain areas. He recognized that western white pine, 
grand fir, western redcedar, and western hemlock form a mesophytic 
type of forest of common occurrence in northern Idaho, but restricted 
to localized areas in northwestern Montana. Larson (1930) also 
considered the forests of the Northern Rocky Mountains. He recognized 
the same general types of forests as Kirkwood. In addition Larson 
attempted to correlate his forest types with temperature and precipi­
tation data. He characterized the limits of his western white pine 
type in the following statement: "It may truly be said that the 
southward and downward extension of this type is limited by insuffi­
cient moisture, and the upward or northward extension by low temper­
ature." Larson considered western hemlock, western redcedar and 
grand fir all as climax in his white pine type. Daubenmire (1943) 
reviews the zonation of vegetation in the Rocky Mountains and makes 
further attempts at delineating climatic controls. 
The high commercial value of western white pine in northern Idaho 
apparently induced a number of studies concerning these forests. 
Larson (1929) analyzed succession following fires in the white pine 
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forests of northern Idaho. He considered grand fir more drought 
tolerant and less shade tolerant than western hemlock or western 
redcedar and thus unable to attain a climax status on wetter sites 
where these two occur. Grand fir is thus considered climax only on 
the sites insufficiently moist to support western redcedar and 
western hemlock, but is often important as a serai species in wetter 
locations. Huberman (1935) examined successional patterns in the 
area around Priest Lake in northern Idaho. Larson (1940) reports 
the results of studies in the Priest River area evaluating the factors 
controlling the establishment of trees on burned and cut-over land. 
Haig ^ (1941) summarized the knowledge available on natural 
regeneration in the western white pine forests. He investigated 
the survival of seedlings of various species under different environ­
mental conditions. 
Up to about 1950 most of the research on forests in northern 
Idaho had been concentrated on the development of techniques aimed 
at regenerating the valuable western white pine stands that had been 
logged or burned, while less effort was applied toward classifying 
the vegetation and delineating the effects of environmental factors. 
Daubenmire (1952) proposed a scheme for classifying the forest vege­
tation of northern Idaho into climax associations termed habitat 
types. A habitat type is that area of land capable of supporting a 
certain type of potential climax community. Under this system he 
considered all potentially climax grand fir stands as one unit distinct 
from the western redcedar-western hemlock climax forests. Eventually 
he revised his units by separating the western hemlock-western redcedar 
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forests on the contention that western hemlock will replace western 
redcedar under most upland conditions given adequate time (Daubenmire 
and Daubenmire 1968). Thus he recognized an upland western hemlock 
habitat type and an upland western redcedar habitat type along with 
the grand fir habitat type. All three of these habitat types had 
fairly similar understories which he characterized as comprising the 
Pachistima union. 
Along with these attempts to classify the forest vegetation, 
endeavors were pursued toward delineating the environmental factors 
controlling the vegetational patterns. McMinn (1952) monitored soil 
moisture in various habitat types and found no layer of the soil below 
the permanent wilting percent in three grand fir stands while the 
Douglas-fir habitat types exhibited considerable soil drought. 
Daubenmire (1956) determined the conditions responsible for major 
vegetational discontinuities. The change from Douglas-fir climax 
sites to western hemlock-western redcedar forests was related to 
increasing moisture while the transition to spruce-fir climax types 
was related to decreasing temperature. Daubenmire (1968) elaborated 
somewhat further on the role of soil moisture. He concluded that 
grand fir forests generally had only limited soil drought but they 
were drier than those dominated by western redcedar or western hemlock. 
Recently work has been done on the early successional stages of 
the wetter, low elevation forests of northern Idaho. Mueggler (1965) 
studied the serai shrub communities that often develop after distur­
bance in what he terms the cedar-hemlock zone. Zamora (1975) considered 
the early successional stages occurring on broadcast-burned clearcuts 
on the Abies grandis/Pachistima myrsinites habitat type. 
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The area closest to the Swan Valley which has been intensely 
studied is Glacier National Park. Aller (1960) studied the low 
elevation forests around Lake McDonald. Habeck (1963, 1968, 1970) 
analyzed the forests around Lake McDonald much more thoroughly, while 
also considering other areas in the park. The climax vegetation 
around Lake McDonald was found to be dominated by various combinations 
of western redcedar and western hemlock, while numerous serai species 
occurred following the past, historical fires in the area. Northward 
from Lake McDonald, into the valley of the North Fork of the Flathead 
River, the most mesic species such as western redcedar, western hemlock, 
and western white pine rapidly drop out of the forest. This indicates 
a rapid decrease in precipitation which is manifested in the fairly 
dry communities of the North Fork valley. 
Kessell (1976, 1977) extensively studied the vegetation of Glacier 
National Park. He failed to find any more than very small amounts of 
grand fir in the Lake McDonald region. The relevant point to be 
derived from all these Glacier National Park studies is that grand 
fir does not form a climax band between the moist western hemlock-
western redcedar forests and the drier Douglas-fir climax communities 
as it does in the Swan Valley. 
During the U.S.D.A. Forest Service's efforts to classify forest 
lands, extensive sampling was carried out throughout the forests of 
Montana in recent years (Pfister et 1974, 1977 in press). This 
work follows the habitat type philosophy as employed by Daubenmire 
and Daubenmire (1968) in northern Idaho and eastern Washington. In 
this Montana study a habitat type classification system was developed 
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for the forest lands in Montana using many more categories than 
employed by Daubenmire. The grand fir climax series of habitat types 
is considered to be interspersed between wetter western redcedar or 
western hemlock types, drier Douglas-fir types and colder subalpine 
fir types. The final draft of this work (Pfister ^ al_. 1977) will 
be followed in this thesis. 
Silvicultural research in the western larch forests in north­
western Montana has emphasized larch regeneration following logging 
(Roe 1955, 1956, Shearer 1959, 1975, Schmidt ^ al. 1976). These 
studies provide information on the establishment and development of 
serai species that is of significance in this grand fir study. Pearcy 
(1965) studied soil-site relationships of western larch in the southern 
Swan Valley, but did not consider the composition of grand fir stands. 
Lukes (1976) presents a silvicultural prescription for a grand fir 
site in the northern Swan Valley. 
The Selway-Bitterroot Wilderness in northern Idaho supports an 
extensive development of grand fir which exhibits climax status in 
much of the lower zone forests (Habeck 1972, 1973, 1976, 1977). In 
this region, western redcedar is approaching the southern limits of 
its range, while western larch, western white pine, and western 
hemlock are present only in the northern-most portion. Steele et al. 
(1976) recognize many more grand fir habitat types on the Nezperce 
National Forest in Idaho than are delineated by Pfister e^ (1977) 
in Montana, possibly indicating the greater ecological amplitude and 
changed competitive relations of grand fir in the former area. In 
central Idaho grand fir reaches its southern range limits in the 
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Rocky Mountains and forms communities very different from those in 
the Swan Valley (Steele 1975). 
Krajina (1970) considers grand fir a minor forest component in 
southern British Columbia. Tisdale and Mclean (1957), McLean (1970), 
and Forsythe (1975) do not mention grand fir in their studies on 
southern British Columbia forests, attesting to its rarity in that 
region. 
Grand fir is not very prominent in Washington west of the 
Cascade Mountains, although it does attain larger size there than 
at more inland locations (Powells 1955, Fonda and Bliss 1969, 
Franklin and Dryness 1973). East of the Cascade crest, grand fir is 
more common and forms a forest zone on the Wenatchee Mountains as 
indicated by del Moral (1972). 
In contrast to the condition in Washington, grand fir is an 
important component of the vegetation over both eastern and western 
Oregon (Franklin and Dryness 1973). Grand fir is potentially climax 
over much of the east side of the Cascades in central Oregon between 
the high Cascades and the dry ponderosa pine stands to the east 
(West 1969, Swedberg 1973). To the west of the Cascade crest grand 
fir is less abundant but still present in significant amounts (Hawk 
and Zobel 1974, Zobel et aj^. 1976). In southern Oregon white fir 
(Abies concolor) is abundant in the forests and has an ecological 
role similar to that of grand fir farther north (Mitchell and Moir 
1976, Waring 1969, Whittaker 1960, Emmingham and Waring 1973). 
Introgressive hybridization is prevalent between grand fir and white 
fir in central Oregon (Zobel 1973, 1974, 1975). Grand fir is an 
important climax species in the Blue and Wallowa Mountains of 
northeastern Oregon (Hall 1967, 1976). 
Very little work has been done on post-glacial vegetational 
development in northwestern Montana. Hansen (1948) studied pollen 
profiles from two conifer bogs near Lake McDonald in Glacier National 
Park. Heusser (1965) and Mack et (1976) summarized the available 
information for the Pacific Northwest. None of these studies provide 
much insight into the past migrations and abundance of grand fir or 
the other species associated with the Pacific climatic influence 
which occur in the northern Rocky Mountains. 
CHAPTER IV 
METHODS 
Field Procedures 
In accord with the objective of obtaining information from a 
broad spectrum of variation demonstrated by grand fir forests in the 
Swan Valley, the sampling of a large number of stands was contem­
plated. No attempt was made to randomly sample the grand fir forests; 
a distinct effort was made to sample stands which: (1) cover the 
entire elevation range of the species, (2) represent all age classes 
and intensities of former burns, (3) span a broad range of moisture 
conditions, and (4) cover as well as possible the entire Swan Valley 
drainage. Only stands that were considered free of human disturbance, 
or nearly so, were sampled. An attempt was made to sample paired 
plots at the edges of past burns, but since it was discovered that 
wildfires tend to stop at natural breaks in the topography instead 
of on uniform sites only a few suitable paired stands were found. 
Since it was believed that the goals of this study could best 
be realized within the amount of field time available by obtaining a 
minimum set of information from a large number of stands, rather than 
an abundance of detailed knowledge from only a few stands, rapid 
sampling methods were employed. The procedures used basically follow 
those used in the Montana habitat typing studies (Pfister ^ 1977) 
and by Habeck (1976) in the Selway-Bitterroot Wilderness. A 375 square 
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meter circular plot was laid out in each stand. The canopy coverages 
of each vascular, understory species in the plot were recorded by 
the following classes (Pfister ^ al^- 1974, as modified after 
Daubenmire 1959): T = 0-1% coverage, 1 = 1-5%, 2 = 5-25%, 3 = 25-50%, 
4 = 50-75%, 5 = 75-95%, 6 = 95-100%, if a species was in the stand, 
but not in the plot, a "+" was recorded. For tree species in the 
plot, canopy coverage classes were recorded separately for each of 
three diameter size classes (<10 cm d.b.h., 10-30 cm d.b.h., and 
>30 cm d.b.h.) using the same system. In addition, all trees in the 
plot were tallied by 5 cm diameter intervals. Trees less than 1.4 m 
tall were counted by species within a 50 square meter plot centered 
in the large plot, except where tree seedlings were rare; in these 
cases seedlings were counted in the entire 375 square meter plot. 
Usually a number of trees were cored to obtain stand age as well 
as the ages of smaller trees in the understory. In general, at least 
one individual of each species in the overstory and various sized 
individuals of understory trees (especially grand fir) were bored. 
Grand firs too small to core were cut at the base to obtain the age. 
In all cases the increment cores were taken as close to the ground 
level as feasible. The diameters and heights of all trees sampled 
for age determination were recorded. 
Along with these quantitative vegetational characteristics other 
attributes of the stand were noted, such as amount of insect damage 
and dwarf mistletoe infestation, extent of wildlife browsing and 
trails, evidence of past fires, and degree of windthrow. The physical 
parameters of the site such as elevation, slope aspect and inclination. 
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topographic position, exact location, and other physiographic infor­
mation that seemed relevant were recorded. Only very cursory 
examination was made of the soils in the plots. 
When employing a sampling technique utilizing only one plot per 
stand, sample plot placement is important. At first, attempts were 
made to locate the plot semi-objectively by pacing a given distance 
into the stand. This often resulted in placing the plot in a position 
that seemed less representative or typical of the entire stand. Since 
the purpose of the single plot sample was to obtain a set of data that 
is representative of the entire stand, the most appropriate method 
appeared to involve traversing the stand to gain some concept of the 
composition and then positioning the plot subjectively. Although 
this procedure may seem arbitrary, the intent was not to obtain 
information on within-stand heterogeneity, but to gather information 
on what appeared to be average conditions within a given stand. It 
is realized that this methodology is not as accurate as some other 
sampling techniques, but the savings in time permits the sampling of 
more stands, and compensates for reduced precision by maximizing the 
amount of information obtained applicable to meeting this study's 
objectives. 
The study area was thoroughly traversed and 55 stands were 
selected and sampled during the summer of 1975 (Figure 2). These 
stands tend to be concentrated in the lower Swan Valley where most of 
the grand fir occurs, but a significant number were located in peri­
pheral areas. During the summer of 1976 one additional stand was 
sampled and about one-half of the original stands were revisited in 
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a check for soil differences between wet grand fir and western redcedar 
stands. In addition, young stands (7-16 years old) on clearcuts were 
sampled using the same methods in order to obtain early successional 
information on such sites. Thus a total of 56 natural stands and 14 
clearcut pairs were sampled. Also during the summer of 1976, in each 
of two stands, four additional 375 square meter plots were laid out 
and coverage values recorded in order to obtain a measure of the 
similarity of replicate samples. 
Methods of Data Analysis 
A dissimilarity matrix for the 56 natural stands was prepared 
through the courtesy of the U.S.D.A. Forest Service, Forest Sciences 
Laboratory in Missoula. This was done using the computer program 
developed for use in the Montana habitat typing studies. The values 
used in the program were the coverage class numbers, i.e. 1-6 with T 
being assigned 0.5 and + being assigned 0.2, With these values, a 
2w percent similarity was obtained with, the formula PS = 100 X where 
^ represents the sum of the values for one stand and ^ the sum of the 
values for the other stand while w is derived by taking the lower 
value for each species considered and then summing these. From these 
computations a percent dissimilarity matrix was derived by subtracting 
the values from 100%. Three dissimilarity matrices were constructed: 
one using all the species, one using the trees only, and one using 
only the herb and shrub species. 
Using coverage class values tends to weigh uncommon species more 
than if straight percentage coverage values are used. On the other 
hand, this method weighs common species more than a presence-absence 
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system would. Thus, this system falls somewhere between using 
presence-absence data or percent coverage. This should be advantageous 
in that common species will be given more representation than rare 
ones, yet the rare species will have significant influence on the 
results and not be completely overridden as they tend to be when using 
percent coverage data. A comparison of this method and percent 
coverage was made for one axis of the ordination. 
From the dissimilarity matrix a Bray-Curtis (polar) ordination 
was constructed (Bray and Curtis 1957). This type of ordination 
technique has been shown to be effective with biological data in 
comparison to other methods (Gaugh and Whittaker 1972, Kessell and 
Whittaker 1976). A number of grand fir community ordinations were 
made before end stands were found which yielded both biologically 
interpretable axes and adequate stand dispersal. Two axes were found 
which were able to separate most of the stands with fairly high 
dissimilarities and also appeared to have significant biological 
meaning. A number of third axes were attempted but none of these 
seemed to separate more than a few stands or have any significant 
biological interpretation. The final two dimensional ordination was 
subsequently used as the basis for many of the conclusions reached 
in this study. 
A number of attempts at direct gradient analysis (Whittaker 1956, 
1960, 1967, Whittaker and Niering 1965, Kessell 1977) were made using 
a variety of different variables available. The results were used 
both independently and through comparison with the indirect ordination 
in order to assist understanding the relationships among the grand fir 
38 
stands. The clearcut plots were not used in these direct gradient or 
ordinational analyses, but were used for comparisons with the paired 
uncut stands to evaluate early successional development after this 
type of human disturbance. 
The rings on the increment cores and cut trees were counted 
using a dissecting microscope. In a few cases, cores proved so rotten 
that counting was nearly impossible. In such cases up to 5 years 
were added to the actual count if this seemed warranted. For a few 
trees, the values obtained had to be considered minimum ages and not 
the actual age of the tree. The tree age data were used to determine 
stand ages and when understory trees had developed after stand 
initiation. 
CHAPTER V 
RESULTS AND DISCUSSION 
Ordinations 
The main ordination was constructed using all of the species 
present in more than one stand. Once the dissimilarity matrix was 
obtained, the selection of endpoint stands determines the outcome of 
the Bray-Curtis (polar) ordination. At first the pair of stands with 
maximum dissimilarity was tried. These pulled apart very few stands, 
leaving most stands in a tight clump in the center. Other pairs with 
very high dissimilarity values were also tried with similar results. 
Another problem with end-stand pairs having very high dissimi­
larity values involves their location on probable successional or 
environmental gradients. The highest dissimilarity values occurred 
between stands; which represented extremes on more than one gradient, 
such as an old, wet stand versus a young, dry stand. In order to 
construct an ordination which is decipherable in terms of environmental 
factors, there is some merit in picking pairs of end stands which have 
high dissimilarities but yet represent extremes of only one environ­
mental factor. Where only a few conditions are of overriding influence 
in determining the vegetational composition, this approach should yield 
an ordination with axes approximately parallel to environmental or 
developmental gradients and good stand dispersal. 
From both field observations and preliminary data evaluation, a 
strong moisture gradient was anticipated to be present in the stand 
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data. Two stands with rather high dissimilarity and strong topographic 
moisture difference, but similar elevation and age were chosen for 
endpoints. The x-axis obtained exhibited good stand dispersal which 
appeared to have significant biological meaning. 
A second axis was constructed by choosing two stands with high 
dissimilarity that were located, close to each other near the center of 
the first axis. The y-axis formed appeared to represent an age 
gradient. A number of other pairs were tried but these yielded similar 
patterns. The pair of stands that had the optimum combination of high 
dissimilarity and good stand dispersal was chosen for the endpoints 
of the y-axis. 
Within this two dimensional ordination there were a number of 
stands in close proximity that had rather high dissimilarity. A number 
of attempts at constructing a third axis were made. In all cases very 
little stand separation was attained. Only a couple of stands were 
pulled out of the major stand aggregation in the center of each possible 
z-axis. These remaining dissimilarities represent individual stand 
variations and not major vegetational trends in the data. A third axis 
was therefore not used. 
The most useful ordination derived by this process contains two 
axes. The first represents a moisture gradient while the second is 
related to successional development. This ordination is the one used 
throughout the rest of this thesis (Figure 7). 
Exact stand positioning varies among the different ordinations 
attempted, but the general distribution pattern was similar in all 
cases. In the initial ordination, where stand dispersal was poor, the 
Fig. 7 Main ordination using all species 
End stands: x-axis = 34-33 58% dissimilarity 
y-axis = 45-21 59% dissimilarity 
Squares represent stands with over 5% coverage of Taxus brevifolia 
Triangles represent stands with over 5% coverage of Thuja plicata 
Circles represent all other stands 
Solid symbols represent stands with less than 5% coverage of Pinus contorta 
Hollow symbols represent stands with greater than 5% coverage of Pinus contorta 
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basic pattern was still similar to that in the final ordination which 
indicates that the pattern obtained is innate in the data and not an 
artifact of endpoint selection. One difficulty with not using endpoint 
stands with the maximum dissimilarity is that some extreme stands may 
fall out beyond an endstand. This possibility is more than compensated 
for by the much better stand dispersal. 
The important point to emerge from this ordination was that only 
two major trends were predominant in the vegetational data. One of 
these trends related to moisture conditions and the other to succes-
sional development: these two factors are of primary importance in 
determining the nature of the vegetation in the study area. These 
conclusions agree with my qualitative field observations. 
Altitude is an important complex environmental variable often 
related to extensive vegetational change in mountainous areas. Ini­
tially I felt that elevation would correspond to a major compositional 
gradient in the Abies grandis forests of the study area. Field obser­
vations failed to show any consistent elevational trends and this 
evaluation is supported by the data. A number of ordinations were 
attempted using pairs of stands representing elevational extremes but 
none of these produced a stand dispersal pattern which was correlated 
with elevation. The same conclusion emerged from considerations of 
the stand dissimilarity matrix. 
Trees and Understory Separately 
In addition to the stand dissimilarity matrix using all the 
species, two additional dissimilarity matrices were developed. One 
was constructed using only the trees while another was formed using 
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the herbs and shrubs. A number of ordinations were formed using 
these matrices. The herbs and shrubs yielded a pattern of stand 
arrangement very similar to the ordination using all the species. 
Figure 8 provides an herb and shrub ordination using the same end 
stands as the main ordination. 
The tree ordination produced a much different pattern. The 
moisture gradient is obscure in the tree data. There is only one 
predominant axis and that appears to be related to succession. The 
two stands forming the ends of the x-axis in the main ordination have 
very low dissimilarity when considering trees only. This is due to 
the Larix occidental is overstory in both stands. Although a moisture 
trend is very evident in the understory species, most of the tree 
species span the entire range of moisture conditions considered here. 
This is especially true of the major serai species, Larix occidental is, 
Pseudotsuga menziesii, and Pinus contorta, which occupy a much wider 
range of habitats than those supporting Abies grandis. These serai 
species dominate the canopy of most stands, obscuring trends exhibited 
by more moisture-sensitive climax species. Thuja plicata occurs only 
in the wetter stands and this yields a weak trend related to moisture. 
Figure 9 presents an ordination based on the tree data. The major 
axis has the same end stands as the y-axis of the other ordinations 
and represents a successional gradient. The second axis has end stands 
different from the x-axis of the other ordinations. This axis is 
partly related to the amount of Thuja plicata in the stands. The 
important point to be gained from this ordination is that the predominant 
gradient related to tree species composition is a successional one. 
Fig^ 8. Herb-shrub ordination End stands; x-axis = 3h-33 QS% dissimilarity 
(sjinbols the sane as in Fig. 7) y-axis = 145-21 dissimilaritj' 
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Midpoints Compared to Coverage 
Class Values 
In addition to picking endpoint stands, the other major decision 
in constructing this kind of ordination involves the values used in 
forming the dissimilarity matrix. To see how a different form of raw 
data input would affect the ordination, an x-axis was constructed 
using the coverage class midpoints instead of the class values them­
selves as described in Chapter 4. The midpoint values represent the 
closest estimates of the actual species coverage obtainable from the 
original data. When the same endpoints are used, the arrangement of 
stands differs somewhat but the basic pattern tends to be the same 
(Figure 10). There is a fairly high correlation coefficient between 
O 
the two arrangements (r =.865). This indicates that although the 
two methods do yield somewhat different arrangements, the basic 
conclusions arrived at should not be significantly different. 
Multiple Plots 
To gain quantitative information on the amount of similarity 
between replicate samples, two stands originally sampled in 1975 were 
resampled with four additional plots each during 1976. Table 4 presents 
the dissimilarity matrix for the 5 plots in each stand. The dissimi­
larity values between the plots sampled at the same time during 1976 
average 18%. Between these plots and the original 1975 plot the 
dissimilarity values are somewhat higher, averaging 23%. This illus­
trates the effect of sampling during a different year and also a 
slightly different time of the year. The data indicate that 20% would 
be a reasonable estimate for the dissimilarity of replicate samples. 
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Fig. 10, Coverage class versus midpoint values for the x-axis of 
the main ordination. 
a. Position comparison 
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\ 
coverage class values 
b. Scatter diagram 
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TABLE 4. Percent dissimilarity values for multiple plots on two 
stands. "A" represents the original plot established 
during 1975. The numbers represent the four additional 
STAND No. 3 
STAND No. 42 
plots established during 1976. 
Plot A 1 2 3 4 
A .23 .27 .23 .20 
1 - .21 .18 .18 
2 - - .15 .16 
3 - - - .08 
4 - - - -
Plot A 1 2 3 4 
A .29 .22 .19 .24 
1 - .18 .19 .26 
2 - - .12 .22 
3 .20 
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Values in the dissimilarity matrix of over 30% should represent real 
stand differences. Most of the values in the all-species matrix were 
between 30% and 80%. 
Direct Gradient Analysis 
A number of attempts were made at arranging the stands along 
direct gradients. This approach has been used in various areas 
(Whittaker 1956, 1960, Waring and Major 1964, Zobel et aj_. 1976), 
including nearby Glacier National Park (Kessell 1974, 1977). Three 
variables were tried in this study. These were topographic-moisture 
position, stand age, and elevation. 
Moisture 
Since field observations and the polar ordination indicated that 
moisture was an important factor affecting the vegetational composi­
tion, this gradient was considered first. Available soil moisture is 
the water related factor most directly influencing the vegetation. 
Ideally data should be obtained monitoring available soil moisture 
content, especially during the driest period of the year. Also such 
data would be more useful if obtained during a dry year when soil 
moisture would be most influential. No data of this sort were obtained 
during this study. The question then pertains to deciding which 
factors that were ascertained would best approximate available soil 
moisture. 
A large number of factors such as, precipitation, elevation, slope 
aspect, exposure to winds, soil depth, soil texture, and amount of 
seepage water can affect soil moisture. In a number of mountainous 
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areas, including Glacier National Park, topographic position has been 
shown to have a strong effect upon vegetation when elevation is held 
constant (Whittaker 1956, 1960, Kessell 1976). Precipitation is 
often correlated with elevation so precipitation can be held semi-
constant by holding elevation constant. The topographic position 
indicates the effectiveness of the precipitation by controlling 
insolation and wind exposure which influence total transpiration. 
A moisture gradient was constructed using topographic position. 
The gradient positions were patterned after Whittaker (1956, 1960) 
and Kessell (1976). Figure 11 compares the topographic moisture 
gradient obtained with the x-axis of the ordination. Although the 
two are related, the correlation coefficient is not very high (r =.54) 
and there is a large amount of positional change between stands. 
Three conditions could account for this lack of a strong relationship. 
Since the stands occur over an elevational range of 650 m, various 
correction factors were introduced to compensate for the presumed 
precipitation increase with elevation, but none of these improved the 
relationship with the ordination. Field observations indicated that 
similar exposures did not yield forests of a wetter nature with 
increasing elevation. Over the elevation range considered here, 
increased wind and consequently transpiration rate with increasing 
elevation can apparently compensate for most of the increase in pre­
cipitation. Corrections were also attempted for geographical precip­
itation variation but these had minimal effect since many of the 
stands are clustered in the lower Swan Valley. 
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Fig. 11. The x-axis of the main ordination versus the topographic-
moisture index. 
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Second, the x-axis of the ordination might not well represent a 
moisture gradient. Although there are other factors influencing this 
axis, careful examination of the stand data suggests that this axis 
does reflect predominantly a moisture gradient present in the vege­
tation. A few wet Abies grandis stands in the upper-center of the 
ordination are the only possible significant exceptions. The x-axis 
is not the major cause for the stand displacement problem between 
the two approaches. 
A fundamental difficulty with the topographic-moisture approach 
lies in the qualitative decisions concerning the actual stand positions 
on the gradient. When does a sheltered slope become an open slope and 
what is the difference between a ravine and a draw - are the kinds of 
questions that must be answered. Such decisions can make a significant 
difference in the placement of stands along the gradient. In con­
structing the direct gradient, stands of questionable placement were 
positioned in the direction indicated by the ordination. 
The direct topographic-moisture gradient reflects the available 
soil moisture gradient, but it does not seem to approach as closely 
an appropriate placement of stands along the available soil moisture 
gradient as does the x-axis. Topographic position is only one of 
many factors which influence the soil moisture status. The topographic 
position should be indicative of transpiration rates. Holding elevation 
constant can eliminate most precipitation variation, provided there are 
no major geographical trends in the precipitation patterns. The funda­
mental problem with the topographic-moisture gradient lies with two im­
portant water factors which the topographic position does not account for. 
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The amount of seepage water is the first of these conditions. 
Seepage can greatly affect the water status of the soil. Slope 
position has some relation to seepage in that lower slopes are more 
affected than upper slopes, but slope aspect has little if any 
relationship to the amount of seepage water available to a stand. 
Stand No. 18 lies on an exposed south slope and should be one of the 
drier stands. This stand has a coverage of Thuja plicata of over 75 
percent. Both field observations and the x-axis of the ordination 
indicate this to be one of the wetter stands. Seepage water maintains 
a high soil moisture content under this stand most if not all of the 
time. This example illustrates how seepage can override the topo­
graphic position in determining the vegetation. On modal grand fir 
sites and drier locations, topographic position is a good indicator 
of moisture status, but many redcedar and wet grand fir stands exist 
because of seepage water so there is a poorer correlation between the 
occurrence of wet stands and topographic position. 
The second major problem lies in the amount of available water 
the soil can hold. Since the climate of this region exhibits a 
prominent summer dry period, the amount of water the soil can hold 
upon entering the dry period can be of crucial importance. Soil 
texture and depth are significant in determining the water status of 
the soil. These factors can not be determined from topographic position 
alone. Soil moisture holding capacity and seepage water account for 
much of the discrepancy between the topographic-moisture gradient and 
the available soil moisture which directly affects the vegetation. 
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Elevation 
An attempt was made to use elevation as a direct gradient but 
as the ordination had previously indicated this did not turn out to 
be a very fruitful endeavor. No consistent trends in the vegetation 
could be found which correlated with elevation. Elevation is cor­
related with a complex of gradients of which temperature and precip­
itation are the most important. The affect of increased precipitation 
with increased elevation is offset to a significant degree by an 
increase in wind and consequently transpiration. Although, temperature 
generally decreases with increasing elevation, inversions may be 
frequent enough in the relatively narrow Abies qrandis zone to obscure, 
and even reverse, such a trend. 
Stand Age 
The ordination indicated that successional status corresponded to 
the other major gradient present in the vegetation. High intensity, 
replacement type burns had occurred in many stands sampled, which made 
stand aging easy. Often, the older stands had overstories that were 
initiated by such burns, but some question occurred as to whether one 
or more low intensity surface fires had subsequently passed through the 
stand. In some cases the only evidence of such an occurrence lay in 
the presence of a second age class in the stand. In other cases fire 
scars or charred bark were found on overstory trees, proving that fire 
had passed through since initiation of the dominant stand. A few stands 
possessed an age structure indicating that they were derived from a 
number of burns and the overstory did not date from any particular fire. 
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In constructing the age gradient the last fire known to occur was 
used for dating the stand. 
Figure 12 illustrates the relationship between stand age and the 
y-axis of the ordination. There is considerable rearrangement of 
stands while the correlation coefficient between the two is not very 
high (r =.55). The major difficulty involves using the latest burn 
to date the stand when fires can burn with a vast range of intensities 
and have highly variable influences on the vegetation. Some initiate 
an entire new stand while others affect only some understory individuals. 
In addition to fire intensity other factors such as seed availability 
and post-fire weather may have a profound affect on stand development. 
There is no one direct linear sequence of successional stages that 
occur on even a specific site, but instead an array of patterns of 
compositional changes following various forms of fire disturbance. 
Consequently no absolute relationship between time since last burn 
and vegetational composition exists even in the case of complete 
replacement burns. With respect to these considerations, it is not 
at all unreasonable that the y-axis of the ordination does not 
correlate highly with stand age but instead represents the general 
trends (stages) associated with stand development. 
Moisture-Age Pattern 
Figure 13 illustrates the pattern obtained when stand age is 
plotted against the topographic-moisture gradient. The pattern can 
be compared to the ordination (Figure 7). There is considerable 
difference between the two due to the factors already discussed. The 
overall pattern does tend to be somewhat similar. I tried plotting 
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Fig. 12. Stand age versus the y-axis of the main ordination. 
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Fig. 13. Direct gradient diagram of stand age (time since last known bum) verses 
the topographic-moisture gradient, (symbols sane as in Fig. 7.) 
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species coverage values on this direct gradient diagram to produce 
nomograms of the sort developed by Whittaker (1956, 1960) and Kessell 
(1974, 1977). This did not work out very well and was eventually 
abandoned. Too many stands did not fit the pattern due to the 
inadequacies of the two gradients used to contain all of the factors 
of significance in determining the vegetation. Such diagrams worked 
well in placing only about 50% of the stands when considering a species. 
Direct gradient analysis should have more potential where a 
broader range of community types is being considered and less detailed 
information on vegetational composition is desired. A direct gradient 
model might be accurate at predicting the probable range of dominant 
tree species composition but much less useful at indicating the precise 
composition of any particular stand. The results could be improved if 
gradients more directly affecting the vegetation could be used, such 
as substituting some measure of the soil moisture gradient for the 
topographic-moisture gradient. Waring (1969) and Zobel ^ al_. (1976) 
have measured plant water stress and tried to relate this to soil 
moisture. This works fairly well but possibly no better than topo­
graphic-moisture position in many cases. 
Since the vegetation collectively is an integrator of those 
elements of the environment most important to plants, the indirect 
ordination will be primarily used for further analysis. By following 
this approach trends in the vegetation can be analyzed by considering 
what environmental gradients or conditions might be responsible for 
them instead of the opposite technique of picking environmental 
conditions and then trying to fit the vegetation to them. Both methods 
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have a place in vegetation analysis but the former should be more 
useful for the ends desired here. 
Habitat Types 
The habitat type system of classifying forest lands is now being 
widely used in the Northern Rocky Mountains. The habitat types as 
defined for Montana (Pfister et 1977) are plotted in the ordina­
tion in Figure 14a. All of the stands where Abies grandis is the 
indicated climax species are contained in the Abies grandis/Clintonia 
uniflora habitat type. This habitat type is divided into three 
phases of which the CI intonia uniflora phase (•) is the most prevalent 
in the study area. Stands representing this phase are distributed 
over the middle and left side of the ordination. The CIintonia 
uniflora phase may be the most variable of the three phases of the 
Abies grandis/Clintonia uniflora habitat type since it covers the 
largest area on the ordination. This phase contains all of the stands 
that are not segregated out into one of the other two phases. 
The Xerophyllum tenax phase (O) of the Abies grandis/Clintonia 
uniflora habitat type encompasses most but not all of the dry stands 
on the extreme left side of the ordination (Figure 14). At least 
according to the ordination, the Aralia nudicaulis phase (A) does 
not represent a very coherent group of stands and does not contain 
many of the wetter stands. Aralia nudicaulis is a fair indicator of 
well drained flat or gently sloping terrain within the study area. 
No younger stands of this phase where sampled indicating that by 
chance none were encountered or that Aralia nudicaulis does not appear 
in younger stands in adequate amounts to identify the phase. 
Fig. 14 Habitat types and phases plotted on the main ordination 
a. The Montana system (Pfister^^. 1977) 
Abies qrandis/Clintonia uniflora h.t. 
• CIintonia uniflora phase 
o Xerophyllum tenax phase 
A Aralia nudicaulis phase 
A  Thuja p i icata/Clintonia uniflora h.t. 
CIintonia uniflora phase 
• Thuja piicata/Oplopanax horridum h.t. 
V  Tsuga heterophylla/Clintonia uniflora h.t. 
CIintonia uniflora phase 
• Abies lasiocarpa/CIintonia uniflora h.t. 
Aralia nudicaulis phase 
b. The Nezperce National Forest System (Steele ^ 1976) 
Abies qrandis/Clintonia uniflora h.t. 
• CIintonia uniflora phase 
o Xerophyllum tenax phase 
• Abies grandis/Asarum caudatum h.t. 
Taxus brevifolia phase 
A  Thuja p i icata/Clintonia uniflora h.t. 
• Thuja piicata/Anthyrium filix-femina h.t. 
• Abies 1asiocarpa/Clintonia uniflora h.t. 
CIintonia uniflora phase 
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The Thuja piicata/CIintonia uniflora habitat type, CIintonia 
uniflora phase (A) contains all stands on the right side of the 
ordination (Figure 14a). Many of these stands contain large amounts 
of Abies grandis and it is often not clear that the Abies qrandis 
is being displaced. 
A few habitat types are represented by only one or two stands. 
The single old-aged Thuja piicata/Oplopanax horridum stand sampled 
(•) comes out in the upper right corner of the ordination (Figure 
14a). Two Tsuga heterophylla/Clintonia uniflora stands included (v) 
occur in the upper middle of the ordination indicating the location 
of wet stands not dominated by Thuja plicata. The one stand belonging 
to the Abies lasiocarpa/Clintonia uniflora habitat type, Aralia 
nudicaulis phase (•) is located among the Abies grandis stands which 
is reasonable since the understory of this stand is very similar to 
many of the Abies grandis stands while the major difference lies in 
the replacement of Abies grandis by A. lasiocarpa. 
The habitat type classification for the Nezperce National Forest 
in Idaho (Steele ^ al^. 1976) yields a similar pattern to that of the 
Montana system except for a couple of notable exceptions (Figure 14b). 
A tight cluster of stands near the center of the ordination key out 
to the Abies grandis/Asarum caudatum habitat type, Taxus brevifolia 
phase (A) due to the presence of Taxus brevifolia. Asarum caudatum 
is not present in the study area but Taxus brevifolia attains very 
high coverages in some of these stands. The other significant 
difference involves the placement of a large number of stands within 
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the Xerophyllum tenax phase of the Abies grandis/CIintonia uniflora 
habitat type. 
Based on an ordinational interpretation, Taxus brevifolia is a 
useful indicator of the wetter Abies grandis stands in the Swan Valley. 
Pfister ^ (1974) make little reference to Taxus brevifolia in 
Abies grandis habitat types in Montana; it was not present in most 
of the stands they sampled. There might be some merit in recognizing 
a Taxus brevifolia phase of the Abies grandis/Clintonia uniflora 
habitat type since this species does seem to indicate the wettest 
sites where Abies grandis is potentially climax and consequently those 
sites closest to the Thuja plicata climax series. These Taxus 
brevifolia stands comprise about 10% of the Abies grandis climax 
region in the study area. Stands of this type may cover even smaller 
amounts of land in other parts of Montana, although I have observed 
small areas of Abies grandis with Taxus brevifolia in the canyons on 
the east side of the Bitterroot Mountains, in the Rattlesnake Creek 
drainage north of Missoula, and in the Cabinet Mountains. 
Table 5 presents dissimilarity data for stands over 150 years old 
which represent the three phases of the Abies grandis/Clintonia 
uniflora habitat type. Table 6 summarizes these data by showing the 
average stand dissimilarities within and between both the phases as 
presently defined and with the proposed Taxus brevifolia phase added. 
The dissimilarity values between stands of the same phase average less 
than the values between stands of different phases. When a Taxus 
brevifolia phase is added the within phase dissimilarity values are 
decreased. This is especially true of the Aralia nudicaulis phase. 
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TABLE 5. Dissimilarity values between stands greater than 150 years 
old which represent the three phases of the Abies grandis/ 
Clintonia uniflora habitat type. 
* Proposed * 
* Taxus * 
* brevifolia * 
* Phase * 
Stand 
Number 3 8 21 25 4 6 9 26 47 53 1 2 23 24 28 38 10 22 34 46 48 
3 37 39 55 50 52 46 49 52 45 38 43 48 46 48 49 56 50 51 35 30 
8 39 56 47 51 48 41 44 41 36 50 48 36 37 50 54 53 54 42 45 
21 - - 43 48 45 48 40 39 43 43 54 40 36 31 43 60 56 60 39 40 
25 47 44 48 38 38 42 57 53 55 50 50 52 63 62 64 43 52 
4 - - 22 32 31 44 23 43 38 39 41 44 42 55 44 53 35 41 
6 38 30 43 31 46 33 40 38 36 40 53 43 52 38 38 
9 32 45 39 49 43 50 49 43 49 52 47 50 41 42 
26 38 34 45 43 50 43 36 43 62 53 60 35 43 
47 38 48 52 52 46 37 55 62 62 46 46 48 
53 35 41 41 30 37 43 58 49 54 36 36 
1 41 50 36 38 36 67 60 63 49 52 
2 42 39 44 45 49 48 48 41 40 
23 32 39 41 41 34 44 39 41 
24 29 38 54 39 45 37 37 
28 41 52 51 49 35 42 
38 - 60 50 58 30 48 
10 -- - 46 43 46 51 
22 - 33 42 38 
34 46 40 
46 26 
48 T 
66 
TABLE 6. Summary of the average dissimilarity values between the 
phases of the Abies qrandis/Clintonia uniflora habitat 
type for stands greater than 150 years old. 
a. Phases as presently defined (Pfister et al. 1977) 
n Phase Arnu* CI un Xete 
4 Arnu 47 45 50 
12 Clun — 40 47 
5 Xete 41 
b. Phases with the proposed Taxus brevifolia phase added 
n Phase Arnu Tabr Clun Xete 
3 Arnu 38 47 43 48 
7 Tabr — 37 44 49 
6 Clun — — 39 47 
5 Xete 41 
*Arnu Aralia nudicaulis 
Tabr Taxus brevifolia 
Clun CIintonia uniflora 
Xete Xerophyllum tenax 
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Stand number 25 has to be included in this phase due to its high 
coverage of Gymnocarpium dryopteris even though it contains no Aralia 
nudicaulis. The removal of this stand greatly improves the homo­
geneity of the Aralia nudicaulis phase. There were not enough stands 
peripheral to the main stand aggregation in the lower Swan Valley to 
check for phytogeographical trends within these phases. 
The stand dissimilarity values vary widely both between and 
within phases (Table 5). These indicate that considerable variation 
exists within each category and intergradation between the categories 
is common. This variation is due to a combination of site, age, and 
chance differences. These phases are dividing up a group of stands 
which do not appear to have any distinct, natural discontinuities, 
thus the classification is at least somewhat artificial. However, 
this does not preclude the usefulness of such a classification for 
many purposes. The transition from the Abies grandis/Clintonia 
uniflora habitat type to the Thuja piicata/Clintonia uniflora habitat 
type seems to exhibit the same type of properties. 
Clearcuts 
The predominant timber harvesting and site preparation procedure 
used in the Swan Valley over the last two decades has involved clear-
cutting followed by piling and burning of the slash. A few clearcuts 
have been broadcast burned while in some instances no site preparation 
was undertaken so the slash still lies as it fell. Most of these cuts 
were complete but on some a few unmarketable trees were left during 
cutting and not removed through subsequent site preparation. 
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These clearcuts are generally not contiguous, at least on all 
sides, so that a mosaic of cut and uncut locations exist. The vege­
tation was sampled on 14 clearcuts adjacent to sampled natural stands. 
All of the clearcuts sampled were greater than 10 hectares in size. 
The time available for plant development following final site prepar­
ation ranges from 7-16 years for the clearcuts sampled. Eleven of 
the clearcut-natural stand pairs represent the Abies qrandis/Clintonia 
uniflora habitat type while the remaining three can be assigned to 
the Thuja piicata/Clintonia uniflora habitat type. These two groups 
will be considered separately. 
The clearcuts chosen for sampling were carefully scrutinized to 
make sure no major environmental variation occurred near the boundary 
of the cut. Clearcuts were only sampled if reconnaissance indicated 
that previous to logging, the vegetation on the clearcut plot had 
closely resembled that on the adjacent uncut plot. All of the clearcut 
plots were located close to the edge of the cut (40 to 80 m) to 
minimize any differences due to plot separation. All of the natural 
stands used for pairs are composed of old forest since logging is 
confined to such stands. 
Similarity Between Cut 
and Uncut Pairs 
The 11 Abies grandis/Clintonia uniflora stands include two 
representing the Aralia nudicaulis phase, one representing the Xero-
phyllum tenax phase, and the remainder, the CIintonia uniflora phase. 
The dissimilarity between the clearcut and natural stand of each pair 
was calculated using the shrub and herb species (Table 7). These 
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TABLE 7. Dissimilarity values between clearcut stands and paired 
uncut stands on the Abies qrandis/Clintonia uniflora 
habitat type 
Uncut Time Since Habitat 
Clearcut Paired Percent Disturbance Method of Site Type 
Stand # Stand # Dissimilarity (years) Preparation Phase 
61 
62 
63 
64 
65 
66 
67 
68 
69 
71 
73 
31 
54 
34 
9 
3 
4 
26 
47 
21 
38 
28 
48.2 
56.1 
43.2 
68.7 
57.4 
74.4 
53.6 
51.6 
61.8 
64.2 
59.1 
10 
7 
9 
1 2  
1 2  
12? 
16 
9 
9 
7 
7 
dozer piled and Clun* 
burned 
dozer piled and Clun 
burned 
dozer piled and Xete 
burned 
dozer piled and Clun 
partly burned 
dozer piled and Arnu 
burned 
dozer piled and Clun 
burned 
dozer piled and Clun 
burned 
partly dozer 
piled and 
burned 
broadcast 
burned 
Clun 
dozer piled and Arnu 
burned 
Clun 
dozer piled and Clun 
burned 
Average 58.0 
*Clun = Clintonia uniflora 
Xete = Xerophyllum tenax 
Arnu = Aralia nudicaulis 
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dissimilarity values range from 48% to 74% with an average of 58%. 
A high degree of alteration in the shrub and herb layer is reasonable 
since all of these clearcuts were burned and all but one were dozer 
piled first (Table 7). Some of these clearcuts contained well stocked 
stands of young trees, but in no case was the canopy adequately 
closed to exclude intolerant pioneer species. Attempts to break the 
Abies grandis/Clintonia uniflora stands into groups representing age 
or other factors did not appear to improve the interpretation of the 
data due to the low number of stands, the small age span, and 
similarity of silvicultural treatments applied. 
Species Changes 
The presence and average coverage of species occurring in three 
or more of either the clearcut or uncut paired stands on Abies grandis/ 
CIintonia uniflora sites is presented in Table 8. Many species 
exhibit a marked change in both presence and coverage between the 
two types of stands. A group of species typified by Epilobium 
anqustifolium and Ceanothus sanguineus are not present in the mature 
forest but are common on these disturbed sites. They are able to 
colonize disturbed locations by wind dispersed seeds or seeds which 
have been stored in the soil since the last disturbance period. These 
species are intolerant of shade and tend to be removed from the stand 
soon after canopy closure. Many plants occurring in the mature forest 
increase in coverage following clearcutting and burning (Table 8). 
Although species in this group can tolerate conditions present in the 
mature forest they respond positively to the increased Tight and soil 
71 
TABLE 8. Presence and average coverage (calculated from coverage 
class midpoints) of species present in three or more of 
the 11 clearcut or paired uncut stands representing the 
Abies qrandis/Clintonia uniflora habitat type 
UNCUT CLEARCUT 
Presence 
n=11 
Percent 
Coverage 
SHRUBS 
Presence 
n=ll 
Percent 
Coverage 
Acer glabrum 11 11.1 7 5.0 
Alnus sinuata 1 T* 4 3.8 
Amerlanchier ainifolia 7 2.0 9 4.0 
Berberis repens 8 T 5 T 
Ceanothus sanguineus - - 5 8.0 
Lonicera ciliosa 4 3.0 6 2.0 
L. utahensis 7 T 6 2.0 
Menziesia ferruginea 6 5.7 4 1.7 
Pachistima myrsinites 11 T 10 5.5 
Ribes lacustre 3 T 5 1.5 
R. viscosissimum - - 6 5.4 
Rosa gymnocarpa 11 8.5 11 5.9 
Rubus parviflorus 3 T 10 3.5 
Salix scouleriana - - 7 1.0 
Sorbus scopulina 3 T 5 1.5 
Spiraea betulifolia 11 2.7 11 10.4 
Symphoricarpos albus 3 6.0 4 3.5 
Taxus brevifolia 5 20.0 2 1.4 
Vaccinum globulare 10 10.3 10 7.8 
FORBS 
Adenocaulon bicolor 10 
Anaphalis margaritacea 
Antennaria microphylla 
Arnica sp. 7 
Aster conspicuus 2 
Chimaphyla umbel lata 10 
Circium vulgare 
Clintonia uniflora 11 
Corallorhiza maculata 3 
Disporum hookeri 9 
Epilobium angustifolium 
E. paniculatum 
3.8 10 T 
10 T 
4 T 
3.6 9 3.5 
T 3 T 
1.4 3 T 
11 T 
7.1 9 T 
T 
4.6 7 T 
11 20.9 
4 T 
*T represents coverage of less than one percent 
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TABLE 8, (continued) 
UNCUT CLEARCUT 
Presence Percent Presence Percent 
n=ll Coverage n=ll Coverage 
Fragaria vesca 3 T 5 2.0 
Galium triflorum 6 T 7 T 
Goodyera obiongifolia 10 T - -
Gymnocarpium dryopteris 3 T 2 1.4 
Hieracium albiflorum 6 T 10 T 
Linnaea boreal is 10 7.3 4 1.7 
Listera caurina 4 T - -
Osmorhiza chilensis 9 T 4 T 
Pedicularis racemosa 3 1.7 1 T 
Pteridium aquilinum 3 T 3 T 
Pyrola asarifolia 8 T 1 T 
P. secunda 6 T 5 T 
Smilacina stellata 10 3.0 10 3.5 
Soli dago canadensis - - 3 1.4 
Taraxacum officinalis - - 3 T 
Thalictrum occidentale 7 T 7 T 
Tiarella trifoliata 7 1.9 4 T 
Viola orbiculata 10 T 5 T 
Xerophyllum tenax 10 9.7 7 T 
GRAMINOIDS 
Bromus vulgaris 8 1.0 9 2.0 
Calamagrostis rubescens 5 4.1 6 10.6 
Carex concinnoides 6 T 9 7.9 
C. rossii - - 6 8.4 
Festuca occidental is 5 T 9 3.2 
Poa interior - - 3 T 
Trisetum canescens - - 3 T 
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moisture occurring on the clearcuts. These species often appear more 
vigorous and produce more flowers on the clearcut plots. In the 
mature forest they may be concentrated in small openings. 
A few species appear to be eliminated from the clearcut stands 
including the orchids Corallorhiza maculata^ Goodyera oblonqifolia, 
and Listera caurina. Many more species are reduced in coverage to 
varying degrees and often persist only on sheltered, unburned micro-
sites. Among this group are some of the more important members of 
the older grand fir forests; such as Clintonia uniflora, Chimaphila 
umbel lata, Disporum hookeri, Adenocaulon bicolor, Osmorhiza chilensis, 
Pyrola asarifolia, and Tiarella trifoliata (Table 8). Taxus brevifolia 
is among the species that decrease drastically, with most individuals 
being destroyed either directly by the logging or during subsequent 
slash disposal operations. The few that do survive on unburned sites 
are in poor condition with yellowish needles on the exposed parts of 
the plants which indicates that western yew is incapable of growing 
vigorously in exposed locations. 
A number of environmental factors are modified by clearcutting 
and slash disposal. The light reaching the ground level is tremen­
dously increased which is of direct importance to many species. The 
soil moisture throughout most of the profile will stay at higher levels 
during the summer due to the lack of tree transpiration. In contrast 
the uppermost layer of the soil will be drier and warmer due to 
increased insolation and wind velocity. Humidity near the soil surface 
will be decreased on the clearcut areas. Species which have very 
shallow root systems and require humid conditions decrease on the 
clearcuts. The proportion of such species surviving is related to 
the amount of debris and brush left shading the ground surface. Some 
species are benefited by the presence of a duff layer so the extent 
of their survival is related to the amount of this material left. 
Those species which respond positively to the clearcut environment 
often have their roots in soil layers where moisture is increased, 
are capable of increasing their net photosynthesis with the increased 
light, and are able to tolerate the drier atmospheric conditions. 
Species which invade the clearcuts are most abundant on locations 
with exposed mineral soil or ash-and little competition from pre­
existing plants. 
Trees 
The nature of the seedbed is of vital importance for the regen­
eration of tree species. The amount and composition of natural tree 
reproduction varies between the clearcuts but is adequate for full 
stocking on most sites (Table 9). Larix occidental is is the most 
abundant and largest tree on most of the clearcuts considered. My 
observations indicate that this species begins invading the cuts 
immediately after the disturbance. The young trees develop in most 
abundance on exposed mineral soil where little competing vegetation 
is present. Although the surface of the soil on such spots may dry 
out rapidly, water is available just below the surface and the 
seedlings quickly produce a root system which penetrates this region 
of available water. Young western larch are often abundant on the 
most disturbed locations within the clearcuts such as skid trails and 
dozer plowed ground except where soil compaction is severe. In contrast. 
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TABLE 9. Density of tree species on the 375m plot for the clearcut stands on the Abies grandis/ 
Clintonia uniflora habitat type 
61 62 63 
Stand Number 
64* 65 66* 67 68 69 71 73 
Average 
Density 
Larix 
occidental is 
<1.4m tall 
0-2.5cm dbh 
>2.5cm dbh 
1 
2 
19 25 105 
70 
96 
23 
140 
1-80 
135 
10 
28 
8 
7 
3 
2 
98 
51 3 
53 
50 
1 
42 
30 
28 
Pi nus 
contorta 
<1.4m tall 
0-2.5cm dbh 
>2.5cm dbh 
16 15 
6 
1 
3 
.5 
.1 
Pseudotsuga 
menziesi  
<1.4m tall 
0-2.5cm dbh 
>2.5cm dbh 
- - 31 1 23 
6 4 
4 
30 
6 
4 
60 
9 
9 
— - - 2 
8 14 
2.5 
1.5 
Abies 
grandis 
<1.4m tal1 
0-2.5cm dbh 
>2.5cm dbh 
1 
1 14 - - 83 
4 
23 
6 
3 
8 38 
1 
15 
1.4 
Thuja 
piicata 
<1.4m tal1 
>1.4m tall 
8 — 8 1.5 
Pinus 
monticola 
<1.4m tal1 
>1.4m tall 4 
8 45 
3 
8 45 — 15 11 
.6 
^Larch thinned in these stands 
cn 
TABLE 9. (continued) stand Number 
61 62 63 64* 65 66* 67 68 69 71 73 Density 
Picea <1.4m tall -- 2 -- -- 8 23 98 15 -- -- -- 13 
0-2.5cm dbh -- -- -- -- -- -- 14 -- -- -- -- 1.4 
>2.5cm dbh -- -- -- -- -- -- i 
Abies <T.4m tall 
lasiocarpa >1.4m tal1 2 — - - 2 1 
Betula 
papyrifera 
<1.4m tal1 
0-2.5cm dbh 
>2.5cm dbh 
23 
12 
C
O
 
C
O
 
f 
L
D
 
1
—
 
I
 
4 -
1 
Populus <1.4m tall 1 8 15 8 90 
.5 
8 
3 
-  11 
trichocarpa >1.4m tall -- -- -- -- 100 6 -- -- 1 -- 4 10 
Populus 
tremuloides 
<1.4m tall 
>1.4m tall 2 . 2  
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few if any young larch develop where dense shrubs are left on the 
site. Most of the stands with poor larch regeneration occur on dry 
exposures. The few western larch which do occur in such cases are 
often found on mineral soil which is partly shaded by a log, stump, 
or sizable shrub a meter or more away. Once the cut has been over­
grown with shrubs very few if any western larch can become established. 
A number of criteria can be recognized for the development of a 
Larix occidental is stand following clearcutting. First, there are 
only a limited number of years before shrubs become dense enough to 
prevent western larch establishment (Schmidt ^ 1976). These can 
be considered the critical years during which establishment is possible. 
Secondly there must be an adequate seed source. All of the clearcut 
plots except #71 are within 80 m of at least a few mature larch in 
the adjacent uncut forest. Seed source may be a limiting factor for 
regeneration if seed trees are scarce, but Schmidt ^ al_. (1976) 
report adequate seed at the center of a 60 acre clearcut (14,000 to 
44,000 seed per acre over a six year period) and I have observed 
adequate regeneration at the center of large clearcuts if the seedbed 
was favorable. Good seed crops occur at an average interval of about 
5 years so if none occur during the critical years regeneration could 
be poor (Schmidt ^ 1976). For good larch regeneration to occur 
on the drier aspects, the simultaneous occurrence of a good seed year 
and above normal precipitation sometime during the critical years may 
be vital. Lastly, the seed bed must be appropriate. My observations 
indicate that if too much brush and duff is left on the site, Larix 
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occidental is seedlings will not develop regardless of whether other 
factors are favorable or not. 
Pinus contorta appears to have seedbed requirements similar to 
western larch, but is rare on these clearcuts due to the lack of a 
seed source. The forests being cut are generally greater than 150 
years old and contain little if any surviving lodgepole pine and any 
seed that was present may have been destroyed in the hot fires 
occurring in the slash piles. Many lodgepole pine in the Swan Valley 
have open cones, but lodgepole pine is often too rare in adjacent 
uncut forest to be a significant seed source. 
Pseudotsuqa menziesii is common on some of the clearcuts. The 
seedlings establish best where shrubs or other objects shade the soil. 
The presence of some litter does not appear to be a serious obstacle 
for the establishment of Douglas-fir. Establishment is often retarded 
and growth can be slow for the first few years, so Douglas-fir regen­
eration typically becomes an understory beneath western larch. 
Pinus monticola has developed in significant numbers on a few 
clearcuts. In northern Idaho white pine develops immediately on 
clearcuts while in the drier, more-continental climate of the Swan 
Valley development is delayed until shelter from shrubs is available. 
Since establishment is delayed and initial height growth is slow, 
Pinus monticola rarely attains a dominant position when larch regen­
eration is dense. After about 10 years rapid growth can occur if 
direct sunlight is available. 
Abies grandis has seedling establishment characteristics similar 
to Douglas-fir except that more shelter is required. Grand fir is 
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common on some of the clearcut stands but develops slowly so that a 
dominant position is rarely attained. When larch fails to become 
established, the site is occupied by various combinations of Douglas-
fir, grand fir, white pine, and spruce which become slowly established 
among the shrubs (Table 9). 
Betula papyrifera is common on a few of the clearcuts. The 
young trees appear to be almost exclusively from seed. Paper birch 
has light winged seeds that are widely dispersed by the wind but 
seedlings become established only on wet mineral soil. Initial height 
growth is rapid so that a dominant position can be maintained for a 
time, but the ultimate height is much lower than for any conifer 
present so that eventual suppression is inevitable. Conifers typically 
surpass paper birch in height by a stand age of 50 years or less. 
Populus trichocarpa becomes established under similar conditions 
as paper birch. Although black cottonwood is common on certain 
clearcuts, it is almost unknown in natural upland forests. Many 
individuals are in poor condition and will soon drop out of the stand 
but a few may persist for a few decades on wet sites. As transpir­
ation increases, available soil moisture decreases so conditions for 
black cottonwood growth may worsen as the stand develops. 
Redcedar Sites 
Three clearcuts were sampled on the Thuja piicata/Clintonia 
uniflora habitat type. Clearcut stand development on this habitat 
type is similar to that on the Abies qrandis/Clintonia uniflora 
habitat type except that tree seedling development may be more certain 
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due to greater soil moisture. On sites with dry exposures where 
seepage water is responsible for the redcedar occurrence, shelter 
may be required for seedling development during dry periods. 
A clearcut on a lower north slope demonstrates the problems 
associated with not employing any site preparation. After seven 
years there is little sign of young trees except on overturned istumps 
and along roads. A lush growth of herbs and shrubs has covered the 
site so that tree development now will be restricted to the slow 
establishment of shade tolerant species. 
One of these clearcuts is adjacent to a natural fire stand pair 
(stands # 29 & 30). The clearcut stand is 65% dissimilar from the 
160 year old stand and almost as dissimilar (57%) from the stand 
developed on the 65 year old burn. The most important understory 
changes occur with canopy closure so that the 65 and 160 year old 
stands are almost equally dissimilar to the clearcut but only 36% 
dissimilar to each other. 
Environmental Factors 
Moisture 
The average annual precipitation values for the stands range 
from 730 mm to 1250 mm. Precipitation values above a certain amount 
may have little significance for plant growth since much of the 
precipitation occurs during the winter. The amount of stored water 
which can be carried into the growing season is a function of the soil 
water holding capacity and any precipitation beyond that necessary to 
saturate the soil will run off. Precipitation values during dry years 
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may be more important than average figures since these are the periods 
when water stress is most critical and the range limits of species are 
determined. The lowest annual precipitation value recorded during 21 
years (1952-1975 with 3 years missing) of records at Swan Lake was 
437 mm (1952) compared to an average of 756 mm. The next lowest value 
was 580 mm (1957). 
Precipitation shows no pattern on the ordination due to the over­
riding affects of other factors on the moisture gradient (Figure 15). 
The precipitation values come from U.S.D.A. Forest Service maps and 
can only be considered crude approximations of the real values. 
Elevation is correlated with precipitation and likewise produces no 
pattern on the ordination which reinforces the interpretation that 
succession and moisture status are the factors related to the two main 
vegetational composition gradients (Figure 15). 
The reservoir of soil water is depleted primarily through transpir­
ation (McMinn 1952, Daubenmire 1968). Topographic position affects 
the soil moisture pool and consequently the vegetation composition most 
through transpiration. The slope aspects and angles of the stand sites 
are presented in Figure 16. There is a tendency for the drier aspects 
to be predominant on the left side of the ordination. Many stands are 
out of place in the ordination compared to the expected position if 
slope aspect alone was controlling moisture conditions. This is the 
result of the amount of shelter from the wind and sun provided by the 
stand's location. Slope aspect correlated much better with the moisture 
gradient in the vegetation than does precipitation. 
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Since the climate of the Swan Valley is characterized by a wet 
winter and spring but a dry summer, the forests enter a summer dry 
period during which soil moisture inputs from the atmosphere are 
small and may be negligible during dry years. The degree of soil 
moisture depletion attained during the summer is the factor most 
strongly influencing the vegetation as far as water is concerned. All 
other water factors act by affecting the input and output form, or the 
capacity of the soil moisture reservoir. 
Most soils on grand fir sites contain a high proportion of rock 
below the andic(Bir) horizon, but are deep so that the total amount of 
available water that can be stored appears to be fairly large. The 
presence of grand fir indicates that the soil has a large storage 
capacity for available water. In a few spots within the grand fir area 
the soils are shallow, and these spots support Douglas-fir climax 
communities. Most soils on grand fir sites in the Swan Valley are 
completely recharged with water during average years (Harrison personal 
cormiunication 1976). During dry years precipitation can be limiting 
especially on sites that have high soil water holding capacity and 
thus require large amounts of precipitation for complete soil moisture 
recharge. 
Seepage water can have an overriding influence on the soil moisture 
content. On most slopes there is some subsoil down slope movement of 
water in the spring following snow melt, and in certain locations this 
down slope movement of water continues long into the growing season. 
In some of these cases the soil moisture pool is thus recharged as fast 
as transpiration can withdraw water. This zone of seepage water may be 
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so deep that not all species are capable of reaching it. In such 
instances tree species may be benefited by the water input while 
shallow-rooted understory species are little affected. 
In many spots on the lower slopes of the Mission Mountains seepage 
water appears to be persistent. Some of the largest areas of Thuja 
piicata in the Swan Valley are related to this seepage. The seepage 
water in many cases appears to travel down slope along the surface of 
the bedrock, while in other cases the water is emitted from porous 
or fractured bedrock. In some instances small streams entering col-
luvial fans produce abundant seepage water on the lower parts of these 
fans (Martinson, personal communication 1976). Although the drier Abies 
grandis stands appear to be little influenced by seepage water, the 
wetter Abies grandis stands and the Thuja piicata stands often exist 
because of the presence of seepage water. Since the presence of 
seepage water and the extent of its duration are difficult to measure, 
the vegetation is often the best indicator of this phenomenon. 
Grand fir is abundant in most older stands within the limits of 
its moisture tolerance. In the driest stands in which grand fir occurs, 
the species is represented by small individuals which exhibit poor vigor. 
On the wetter sites to which Thuja piicata is restricted, Abies grandis 
is often abundant. In a few of the wettest stands, as judged from 
topographic position and understory composition, redcedar is absent. 
The competitive relationships of these two species will be discussed 
under succession. 
Larix occidental is, Pseudotsuga menziesii, and Pinus contorta span 
the entire range of moisture conditions considered here and extend onto 
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drier sites. In the Swan Valley Pinus monticola appears to require 
slightly more moisture than does Abies grandis, which is similar to 
other areas (Daubenmire and Daubenmire 1968, Pfister et 1974). 
After vegetation removal through fire or logging soil moisture 
depletion is greatly curtailed, which is important in the establish­
ment of tree seedl ings (Haig et 1941, Schmidt ^ 1976). 
Temperature 
Temperature, in some form, imposes limits on the elevation attained 
by Abies grandis, and on this species' distribution in the Swan River 
Valley bottom. Although temperature, in part, sets the limits of the 
grand fir zone, temperature does not cause any major vegetational 
trend within the zone. The reason for this may be that the grand fir 
forests within the Swan Valley occupy a very narrow range of temperature 
variation. Most of the associated understory species do not reach their 
limits of tolerance within the range of temperature variation occupied 
by grand fir. At the cold limit of grand fir distribution there is no 
obvious change in understory species or serai tree species composition 
from that occurring within the Abies grandis containing stands. If 
the grand fir forests really occupied a large range of temperature 
variation then more understory variation due to temperature could be 
expected. In the central part of its range, grand fir occupies temper­
ature regimes much warmer than any in the Swan Valley and even the 
warmest Swan Valley sites are probably near the cold tolerance limits 
of the species. 
Grand fir is not a major forest component above the 1500 m level. 
Often within an elevational change of less than 100 m, Abies grandis 
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drops from a major forest component to a rare species represented by 
a few small individuals in poor condition. The highest grand fir 
seen in the study area was a small understory individual at 1640 m 
but the upper limit of individuals which attain a canopy position 
is 1550 m. Thuja plicata has a very similar elevational limit and 
response to that exhibited by Abies grandis. 
Spring, summer, and fall cold periods could be directly respon­
sible for the range limits of grand fir. There is no clear evidence, 
but I feel that grand fir is prone to frost damage between the time 
when the new foliage emerges and hardening off occurs in the fall. 
In July, 1975, I was working in a grand fir stand near the upper 
elevation limits of the species during a cold rain. When I emerged 
from the stand I realized the trees were snow covered at an elevation 
less than 300 m above. On a couple of other occasions in the summer 
I have observed the freezing line come very near to the upper limit 
of grand fir but never reach it. The upper limit of Abies grandis 
occurs on north and south slopes at about the same elevation. Cold, 
stormy air masses may be responsible for limiting the upward extension 
of grand fir. During such conditions inversions are dissipated and 
an adiabatic lapse rate is in effect so the temperature drops off 
rapidly with elevation and south slopes have no advantage over north 
slopes. There is no evidence to indicate whether late spring, summer, 
or early fall cold spells are most important in setting the upper 
elevational limits of grand fir. 
On much of the flat area in the valley bottom, Abies grandis is 
limited by frosts which occur on calm nights when strong summer or 
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fall temperature inversions develop. On many occasions I have observed 
frost on the valley bottom while there was none just a few meters up 
the mountain sides. A number of small hills occur on the valley 
bottom. Grand fir is often absent at the base of these but is the 
dominant understory tree species on the tops. 
Geology and Soils 
Soils can affect vegetation through water holding capacity or 
by controlling nutrient uptake through soil chemical composition. 
The Siyeh Limestone in the Swan Valley yields a finer textured soil 
with higher water holding capacity and is more prone to have the 
fracture pattern favorable for seepage than does the siliceous 
argillite (Martinson, personal communication 1976). Consequently 
sites with limestone bedrock tend to be wetter than sites of similar 
topographic position which occur on siliceous argillite. This is 
opposite to the situation found by Goldin (1976) in the Garnet Range. 
The porous limestone could form the duel role of providing good 
drainage for some sites while releasing abundant seepage water on other 
sites. Also the limestone formation is different in the two areas. 
The water related properties of the limestone in the Swan Valley help 
explain the preponderance of calcareous substrates under redcedar 
stands on the right side of the ordination and under very wet, old 
grand fir stands in the upper center of the ordination (Figure 17a). 
Under most of the stands the bedrock is covered by till, but on the 
mountain slopes (where most of the stands are) the till is composed, 
in most cases, of material derived from the local parent rock 
(Martinson, personal communication 1976). There also may be some 
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affect due to nutrient differences. The volcanic ash layer on the 
surface of many of the soils imposes a degree of uniformity on the 
sites especially in regard to shallow-rooted understory species. 
Understory vegetation indicated that certain Abies qrandis 
stands are as wet as many stands containing large amounts of Thuja 
piicata. Two hypotheses seemed plausible for explaining the poor 
representation of redcedar in these wet grand fir stands. Either 
redcedar is able to grow on the sites but had been eliminated by 
some series of historical events, or soil conditions were such that 
this species could not grow and compete with grand fir on these sites. 
Soils were systematically examined to determine if there was a signif­
icant difference between Thuja piicata and wet Abies qrandis stands. 
There is no consistent variation in bedrock type or depth of the 
volcanic ash layer between these two groups (Figure 17b). Although 
only shallow soil pits were dug (<1 m), no free carbonates were found. 
The soils do vary in many facets between stands but there is no 
consistent difference between wet grand fir and redcedar stands. 
Within each group, soil characteristics show as much variation as is 
exhibited between the groups. From these observations the conclusion 
is reached that the difference between the wettest Abies qrandis 
stands and the Thuja piicata stands relates to stand initiation 
conditions and not site characteristics. 
The effect of soil upon vegetation variation within the Abies 
qrandis and Thuja piicata forests of the Swan Valley appears to be 
predominantly an influence on soil water relations. The two major 
types of bedrock seem to be responsible for this effect due to their 
92 
different soil forming and seepage producing properties. Soils do 
not form a separate gradient or dichotomy in the stands but instead 
act by modifying a stand's position on the moisture gradient. Chemical 
effects do not appear to be important in the range of stands considered 
in this thesis. Soil chemistry may have a more profound influence on 
productivity than on vegetational composition. 
Successional Patterns 
Fire 
History. Fire, in many forms, is beyond doubt the predominant 
factor responsible for the vast array of serai communities within the 
Swan Valley. Only a very small amount, if any, of the land capable of 
supporting Abies grandis is at present supporting forest stands which 
have reached the low rate of compositional change that would qualify 
them to be termed "climax". This is not a new condition but rather 
the normal status of the vegetation. The earliest individuals to 
describe the vegetation of the Swan Valley were deeply impressed with 
the importance of fire (Ayers 1900b, Whitford 1905). They commented 
on the large extent of fires at these early dates and the vast amount 
of land supporting small trees or brush as a result of past burns. 
Large fires were common in the Swan Valley up into the 1930's. 
Since that time modern fire fighting techniques have prevented the 
occurrence of any fires larger than a couple of hectares within the 
Abies grandis region. The two large fires which have occurred in 
recent years descended only to the upper limits of the grand fir zone. 
Although many stands date from the large fires which occurred in the 
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first third of this century, the lack of fires since this time results 
in a' corresponding lack of young stands. The critical initiation 
stages of natural stand development thus can not be directly observed 
but must be inferred from other sources of evidence. 
The lack of climax stands constitutes a second significant gap 
in the successional sequence. The oldest stands encountered are over 
300 years in age but still contain large amounts of serai Larix 
occidental is. The few old stands which do not contain western larch 
have a high proportion of Pinus monticola and can not be considered 
climax either. In no case was there found to be a good correspondence 
between seedling and overstory tree species composition. This absence 
of climax stands and the ubiquitous distribution of charcoal in the 
soils attests to the all encompassing effect of fire. 
Some comment should be made as to why fire is such a pervasive 
force in the Swan Valley. The summers tend to be warm and dry. This 
is only in a relative sense since the Swan Valley is moister than many 
other parts of western Montana. During many years conditions are 
probably too moist for the development of large fires, but every few 
years dry summers occur during which intense fires are possible. When 
dry thunderstorms occur during a hot dry spell the stage is set for 
extensive fires. Native Indians may have been responsible for some 
fires especially on the valley floor. 
In the.relatively dry low elevations on the Bitterroot National 
Forest of western Montana, fires were apparently more frequent and 
less intense than in the Abies grandis forests of the Swan Valley 
(Arno 1976). Such locations rarely experienced complete replacement 
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burns in lower elevation (montane) forests. Conditions in the Swan 
Valley deviate in two important ways from those in drier areas. The 
grand fir forests have high productivity and probably rapid fuel 
accumulation rates although decay is probably rapid also. At the 
same time the fire frequency is relatively low due to the moist 
climatic conditions which decrease the amount of time during which 
fires are possible. These factors evidently combine to yield high 
fuel build-ups which promote intense burning conditions when fire 
does come. 
Intensity. The early investigators of forests in the Swan Valley 
were not only impressed by the vast influence of fire but also with 
the wide range of intensities the fires exhibited (Ayers 1900b, 
Whitford 1905). They observed the effects of fires which ranged from 
complete replacement burns to creeping ground fires that had Tittle 
affect on the overstory. Stands influenced by fires of variable 
intensities are of common occurrence within the range of Abies grandis 
in the Swan Valley. 
Much of the level terrain in the lower Swan Valley appears to 
have been affected by ground fires which did not remove the overstory. 
Many stands contain overstories of old larch (which often appear to 
represent more than one age class) with a much younger layer of sub-
alpine or grand fir below. Replacement burns may be a rare phenomenon 
on such sites, whereas ground fires might have been common. The level 
terrain, somewhat sheltered from winds by the mountains, is more 
conducive to slow ground fires than intense crown fires. The level 
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lands in the drier upper Swan Valley have experienced extensive 
replacement burns resulting in large areas of lodgepole pine. 
Ground fires occurred on the mountain slopes as indicated by 
fire scarred trees or the presence of more than one age class in some 
stands, but high intensity replacement burns were more influential. 
Most of the mountain slopes are covered by stands which originated 
from replacement burns. The slopes, with their potential for updrafts 
and greater exposure to the wind, contribute to the development of 
intense fires. If the fires of the early 1900's are indicative of 
the types of fires the mountain slopes have witnessed over the 
centuries, nearly complete removal of trees over areas ranging up to 
thousands of hectares is not an uncommon occurrence. On some stream 
bottoms and adjacent lower slopes partial burns occurred within the 
general area covered by large replacement burns. 
Frequency. Fire frequency exhibits a large amount of variability. 
Some sites are more fire prone due to topographic position and relation 
to areas of high lightning activity. An inkling of the average time 
interval between replacement burns can be gained by considering the 
relative abundance of various aged stands. By analyzing the age 
distribution of stands, it appears that an average interval of 150 
years between replacement burns is reasonable for the Abies grandis 
forests in the Swan Valley. The time between fires commonly ranges 
from less than 100 years to greater than 250 years with extremes on 
average sites of less than 50 years and greater than 300 years. On 
the driest, most exposed sites average fire frequencies of less than 
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100 years are reasonable whereas some sheltered lower slope stands 
may have average frequencies greater than 200 years. 
Of the mountain slope stands examined greater than 50% showed no 
sign of fire subsequent to the one which initiated the stand. Mild 
ground fires may have been more common than indicated by this obser­
vation since these fires leave less evidence than replacement burns. 
During the first years of attempted fire suppression there would have 
been a bias toward relative occurrence of intense fires since these 
would be most difficult to extinguish. Previous to fire suppression 
ground fires may have crept over extensive areas. If non-replacement 
burns are added to replacement burns the fire frequencies given are 
reduced substantially. 
The Thuja plicata stands appear to have fire frequencies similar 
to the Abies qrandis stands except for a few very wet stream bottom 
sites. The redcedar grove on upper South Woodward Creek was approached 
by a fire on the south slope above the creek about 80 years ago and 
another fire burned the north slope 35 years ago but the trees on the 
stream bottom were unaffected. This site has apparently not experienced 
fire for a very long period of time. 
On the lower Swan Valley bottom ground fires may have been common 
while replacement burns were rare. The abundance of lodgepole pine in 
the upper Swan Valley indicates a high frequency of replacement burns. 
Replacement burns. High intensity fires which initiate a new stand 
are not only the most prevalent type of fire in the Abies qrandis forests 
of the Swan Valley, but also the ones yielding the most easily discern­
ible patterns of post-fire vegetation development. Non-replacement 
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burns have a wide array of affects on stands. Successional develop­
ment can be set back in time by variable amounts or deflected into 
different pathways of development. In contrast replacement burns 
set the "time clock" of stand development back to zero. 'From this 
initial time setting a wide array of vegetational development patterns 
can be followed (Vogl 1970). 
There are some general trends associated with all types of post 
fire stand development. The y-axis of the ordination is related to 
these trends (Figure 18). The correspondence between the y-axis of 
the ordination and the time since the last burn or the stand initiating 
burn is far from perfect due to the variable rates of vegetation 
development following fire. In cases where non-replacement fires 
have occurred, the stands tend to be located higher up on the ordina­
tion than the time since last burn would indicate. The rate of suc­
cessional development is affected by many factors such as the extent 
of duff layer removal, availability of seed, post-fire weather, rate 
of canopy closure, and site characteristics; all of which interact 
to yield variable rates and patterns of development. 
During successional development stand basal area increases up 
to a certain value and then is maintained at a near constant level 
(Figure 19a). The young stands consistently have lower basal areas 
than is typical of the older stands. The drier stands also have low 
basal areas due to less favorable growing conditions. In old stands 
there is a positive relationship between the amount of larch and the 
total basal area. Other species can not attain the dense stands of 
large trees characteristic of well developed larch overstories. 
l8. Stand ages plotted on the main ordination# 
Time since the last bum (years) 
160 
Old 
180 
• 
^165 160 
^ ^185, • 
#120 195 ., 205 
p„ */,» «»• ..>» 
.,,0 ..V" 
275 
160*  ̂„80 175| 
*95 o"° ^80 
A160 
^80 - ^36 
O O95 160^ • ^175 
120 qIOO ^32 
^38 
3̂1 O ^37 ^66 
Young 
^80 ^64 
Time since replacement bum (years) 
160 
Old 
#175 
250 • • A A 
#165 ^160 
* OAn * oJr l̂OO • irtc 205 195.0165 Wet 
Dry . 
.270 .90 , *5 • 
160 ^160 ^300 
•330 
a170 
275 *300 
" 160 A 
120 ^100 
°38 
31 O ^37 .66 
O I®® Young 
320^^ 
80 ^36 
O., 160, 95 J75 
19# Stand characteristics. 
Total basal area (m^/hectare) plotted on the main ordination 
.33 
.35 
Dry 
.37 
5 0 i  
4̂9 • • 
Old 
•57 ^5 
^68 5 
^69 .# -7 
• * 8 
"•O" 65 5 7 
•72 • o • 
•96 
61 
.41 
^57 
41* ^44 
49 
•45 0^3 
Ol7 
R^32 
69 
35r 
.42 
•67 
048 ^40 
-*45 
A 
So 
71 
.48 
^32 a31 
>27 Young 
.32 ^3l 
.62 
138. 
Wet 
a46 
107 
76. 
A35 
o 
Number of stems >3 dm in diameter in the 375> m"^ plots 
(plotted on the main ordination) 
Dry 7/8 
.6 12* *8 
Old 
11 
• -12 
• 9 ••,6" 
ft ,0 13 
o' .« 
9 
• 8 
"12 
,7 
•D-.8 
5® ^ 15 
4 
^O 
O 
 ̂ 13. 
O 
• 
^ O '^A 
O A 
O Young 
100 
Tree species density decreases in the small size classes and 
increases in the large size classes as a stand becomes older (Figures 
19b and 20). Stems over 3 dm in diameter do not occur in the lowest 
stands in the ordination which reinforces the successional interpre­
tation of the y-axis. 
Species diversity is not well related to successional status. 
There is no consistent difference in the number of species in old and 
young stands. Canopy coverage and density is more closely related to 
species richness than is stand age. Stands which have a nearly con­
tinuous layer of dense crowned grand fir or redcedar have sparse under-
s.tories with few species. After canopy break-up begins (at a stand 
age of about 150 years where lodgepole pine is common or at greater 
than 300 years if larch is dominant) stands become more heterogeneous 
with many small openings. These heterogeneous stands provide suitable 
habitat for species found in dense shade and also species needing more 
light. Understocked young stands and old stands with canopy openings 
have the highest number of species since they provide the greatest 
array of microsites. Due to a low canopy density, dry sites often 
have a large number of understory species composing a well developed 
herb layer. 
One of the best methods of studying species compositional changes 
during post-fire succession involves the use of paired plots. This 
approach eliminates as much extraneous source of error as possible. 
Considerable time was spent in locating paired plots but only four 
acceptable pairs were found. In most cases natural fire perimeters 
do not cross uniform slopes since fires tend to stop along ridges. 
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Fig. 20. Stand characteristics. 
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ravines, or other discontinuities in the topography. This potentially 
excellent method of studying succession is thus of limited applicability 
when considering natural fires. 
Two of the stand pairs (18 & 19, 29 & 30) represent the Thuja 
piicata/Clintonia uniflora habitat type and the two others (10 & 11, 
6 & 7) represent the Abies qrandis/Clintonia uniflora habitat type. 
Stand #18 is on a gentle south slope but is wet due to seepage water. 
The overstory is composed of larch and dying lodgepole pine. Under 
this there is a nearly continuous layer of various sized redcedar. 
No seedlings were observed but reproduction is occurring through the 
layering of young redcedar bent over by the snowpack. At an age of 
160 years most of the lodgepole pines in this stand have died and 
form a thick jigsaw patterned layer on the ground. The shrub layer is 
non-existent and the herb layer is about the lowest both in number of 
species and coverage of any seen (Table 10). 
In 1934 a hot fire burned through part of this stand. The result 
is stand #19 which is very similar to stand #18 in regards to tree 
species composition except for the absence of white pine (Table 10). 
The overstory is composed of larch and lodgepole pine along with some 
birch. Below this there is a dense layer of redcedar which originated 
from seedlings just after the time of serai species establishment. 
A shrub layer developed but already these shrubs are decreasing as the 
dense redcedar canopy closes. The herbaceous layer is as depauperate 
as in the old stand (Table 10). 
Stand #29 is located on a northeast slope above Swan Lake. This 
stand was initiated by a burn 160 years ago. The overstory is composed 
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TABLE 10. Species changes between paired plots (coverage class values) 
Habitat Type Abgr/Clun Thpl/Clun 
STAND NO. 7 6 11 10 19 18 30 29 
AGE (yrs. ) 78 205 31 270 32 160 64 160 
Species 
Abies grandis 5 4 3 . - 3 
A. lasiocarpa - - - T - - - -
Betula papyrifera 2 - - - 2 1 2 2 
Larix occidental is 1 2 - + 2 3 4 2 
Picea sp. 1 2 - - T 1 - T 
Pinus contorta 4 - 5 1 2 3 4 + 
P. monticola + 2 - - - 2 - 1 
Populus trichocarpa - - - - T - - -
Pseudotsuga mSnziesii 2 3 3 4 T + 2 2 
Thuja plicata T - - - 5 6 4 3 
SHRUBS 
Acer glabrum 2 2 2 3 - - 2 2 
Amelanchier alnifolia - T 1 T - - T -
Berberis repens T T T T - - T T 
Clematis columbiana - - T T - - - -
Holodiscus discolor - - - T T - T -
Lonicera ciliosa - - - - - - - T 
L. utahensis - T - 1 T - T -
Menziesia ferruginea - T - - T - - -
Pachistima myrsinites 1 T 2 T T T T T 
Ribes lacustre - T - - - - - -
Rosa gymnocarpa T T T 2 T - 1 T 
Rubus parviflorus T T T - T - 2 -
Salix scouleriana T - 2 - 2 - T -
Shepherdia canadensis - - - - - - 2 -
Sorbus scopulina - T - - - - - -
Spirea betulifolia T T T T T - 2 1 
Symphoriocarpus albus - - T T - - - -
Taxus brevifolia 2 3 - - - - - -
Vaccinutn globulare T 2 T T - - T T 
Ribes viscosissimum - - - - T - T -
PERENNIAL FORBS 
Adenocaulon bicolor - T - T - - - T 
Antennaria racemosa - - - T - - -
Arnica cordifolia - - T T - - - -
A. latifolia 2 - - - - - 1 T 
Aster conspicuus - - T T - - - -
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TABLE 10. (continued) 
STAND NO. 7 6 11 10 19 18 30 29 
AGE (yrs.) 78 205 31 270 32 160 64 160 
Species 
Chimaphyla menziesii . + T 
C. umbel lata T T T T T T 2 2 
Disporum hookeri T - T 1 - - - -
D, trachycarpum T - - - - - - -
Epilobium angustifolium - - - - T - - -
Fragaria vesca - - T T - - T -
Galium triflorum - - - T - - - -
Goodyera obiongifolia T T T T - T T T 
Hieracium albiflorum - - - - - - T T 
Linnaea boreal is T T - T T T 3 2 
Listera caurina T - - - - - T T 
Monotropa uniflora - - - - - - - T 
Osmorhiza chilensis - - - T - - + T 
Pedicularis racemosa T - T T - - - -
Pyrola asarifolia T T - - - - - -
P. chlorantha - - - - - - T T 
P. pi eta - - - - - - T -
P. secunda T T - - - T T T 
Smilac.ina racemosa T T T 1 - - - -
S. stellata T T T T - - - T 
Thalictrum occidentale - - T 2 - - - -
Tril1ium ovatum T - - - - - - -
Viola orbiculata T - - - - T T T 
Xerophyllum tenax 1 T T 3 - T - -
FERNS 
Pteridium aquilinum T + - - 1 - 2 -
GRAMINOIDS 
Bromus vulgaris - - - T - - T T 
Calamogrostis rubescens - - - - T - - -
Carex concinnoides - T T 1 - - - -
C. geyeri - - - T - - - -
C. rossii - - - T - - - -
Descampsia cespitosa T T - - - - - -
Festuca occidental is - - T T - - - -
Melica subulata T T T 2 - - - -
Oryzopsis asperifolia - - - - - - T -
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of larch and Douglas-fir. Grand fir and redcedar are common and range 
in size from codominants to small individuals (Table 10). The shrub 
layer is sparse except for large clumps of Acer qlabrum while the 
herb layer is intermittent. A replacement burn passed through part 
of this stand initiating stand #30 which is 64 years old as indicated 
by the dominant trees. The overstory is composed of a solid layer 
of lodgepole pine and larch. The old stand now contains only a few 
decadent lodgepole pine but over 64 years ago when the fire occurred, 
the stand was less than 100 years old and may have contained large 
amounts of lodgepole pine. The large gaps in the larch and Douglas-
fir overstory, which are now being filled by grand fir and, redcedar, 
provide further evidence for the past importance of lodgepole pine. 
Betula papyrifera is common in both stands being represented in the 
old stand by large individuals with many stump sprouts. The shrub 
and herb layers are much better developed in the young stand (Table 10). 
The most interesting anomaly between the two stands is the almost 
complete lack of Abies grandis in the young stand while Thuja plicata 
is well represented. Most of the redcedar developed from seed in the 
early stages of stand initiation although many are still very small 
due to slow growth rates. Grand fir seed trees are nearby but possibly 
no good seed crops occurred during the optimum years for establishment 
- the years before a dense herb, shrub, and young tree layer developed. 
An interesting feature of the contact zone between these two stands is 
a narrow strip of partly burned forest which exhibits a dense layer 
of sapling redcedar along with a few grand fir saplings. 
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Stand #10 is on a dry south exposure near the upper elevational 
limits of Abies grandis. The stand is dominated by Douglas fir. The 
larger Douglas fir are 270 years old and date the origin of the stand. 
The grand fir are all small and making poor growth. The largest one 
sound enough to core was 140 years old and had low limbs indicating 
that no ground fire has passed in its lifetime. A few large lodgepole 
pine still occur in this stand at an age of 270 years. Lodgepole pine 
on this cold marginal grand fir site lives to be much older than on 
the warmer more normal grand fir sites. This stand has a low canopy 
coverage and is open underneath with an intermittent shrub layer. The 
herb layer is nearly continuous and is dominated by Xerophyllum tenax 
(Table 10). 
In 1936 part of this stand was burned leaving almost no survivors. 
The resulting stand (#11) is composed of a very dense growth of lodge­
pole pine with some Douglas-fir. This stand is in a near stagnation 
condition since it contains 17,000 stems per hectare and has a basal 
area approaching that of the old stand. The herb layer is not nearly 
as well developed as in the old stand with the coverage of Xerophyllum 
tenax in particular much reduced (Table 10). Tall shrubs are common 
in the young stand. 
The contact zone between these two stands is very sharp and con­
tains an interesting strip of burned bare ground 5 to 10 m wide with 
no young trees and few other plants. This strip occurs just beyond 
the canopy cover of the old stand and should receive adequate light for 
regeneration. The transition from this bare zone to the dense young 
stand is very abrupt - often less than one meter wide. This bare zone 
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sheds considerable light on the conditions governing seedling estab­
lishment on this site. Light is not the major limiting factor in this 
contact zone or for that matter in parts of the open old stand. The 
bare zone coincides well with the expected root zone of the old trees. 
On this dry southerly exposure transpiration pull is high and soil 
moisture depletion severe at times. Increased light alone is not 
adequate to initiate seedling establishment, but the removal of tree 
transpiration and the consequent prevention of soil moisture depletion 
is apparently critical. 
Stand #6 is a slightly wetter than average Abies grandis stand 
which is 205 years old and appears not to have experienced fire subse­
quent to the initial replacement burn. The overstory is composed of 
a mixture of larch, white pine, and Douglas-fir while grand fir is 
well represented in the understory. There is a dense shrub layer 
dominated by the tall shrubs Taxus brevifolia and Acer glabrum. The 
herb layer is intermittent with the mat of needles representing the 
dominant ground cover (Table 10). The younger stand (#7) is 78 years 
old and is dominated by lodgepole pine along with some larch and 
Douglas-fir. Lodgepole pine does not occur in the old stand now but 
may have been a significant component at a stand age of less than 130 
years when the fire occurred. Young grand fir have developed in large 
numbers under the serai tree species. Birch has developed well in 
the young stand while white pine has not. The herb layer of the young 
stand is much better developed than that in the old stand but the shrub 
layer is not as well developed (Table 10). Taxus brevifolia has 
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re-established but is still short of its coverage in the old stand. 
Vaccinum qlobulare is much less abundant on the young stand. 
The types of species composition changes to be expected following 
replacement burns are indicated in Table 11. This table presents 
presence and average coverage data for stands 30 to 90 years old and 
greater than 150 years old. The stands are broken into two groups. 
One containing the stands with a coverage of Thuja plicata greater 
than 5% and the other containing a wide variety of Abies grandis stands. 
Due to the limited number of stands and the difficulty of matching 
young stands with old ones, these average values should express trends 
better than could be done by breaking the stands into small groups. 
The youngest stands considered in the 30 to 90 year old group 
already have nearly closed canopies. The extent of species changes 
between the two age categories is not as great as would be evident 
if very young stands were also included. Most of the species which 
can survive in the almost closed canopy of a 30 year old stand are 
able to persist into old stands. The changes after 30 years are more 
apparent as alterations of species coverages rather than species 
replacement. Some of the more shade intolerant species are quickly 
eliminated by the dense canopies on wet sites while on dry sites with 
more open canopies they may persist into old stands. The differences 
between the redcedar and grand fir stands does not appear to be very 
great in most cases. 
Some insight into the nature of stand development can be gained 
by following the course of events subsequent to replacement burns. 
The initial stages are the most crucial in determining the composition 
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TABLE 11. Species changes between stands 30 to 90 years old and 
greater than 150 years old which have resulted from 
replacement burns. Presence and average coverage values 
(derived by using midpoints of the coverage classes) are 
indicated separately for stands containing >5% coverage 
of Thuja piicata 
ABIES GRANDIS THUJA PLIGATA 
Average* 
Percent Percent 
Presence Coverage 
Average 
Percent Percent 
Presence Coverage 
SPECIES 
30-90 >150 30-90 >150 30-90 >150 
(n=9) (n=15) (n=4) (n=6) 
30-90 >150 
Pinus contorta 89 33 52 4 100 67 35 9 
Betula papyrifera 56 33 2 1 75 67 8 4 
Pseudotsuga menziesii 89 100 29 30 100 100 65 67 
Larix occidental is 89 100 13 19 100 100 45 26 
Picea sp. 56 80 2 6 75 83 2 2 
Pinus monticola 44 87 2 20 - 4 - 6 
Abies lasiocarpa 33 60 T 3 25 83 T 29 
Abies grandis 78 100 25 58 25 83 T 29 
Thuja piicata 44 33 T T 100 100 65 67 
SHRUBS 
Salix scouleriana 89 - 9 - 100 - 13 -
Ribes viscossisimum 44 - T - 75 - T -
Shepherdia canadensis 33 - T - 25 17 4 T 
Holodiscus discolor 33 7 T T 50 - T -
Rubus parviflorus 89 40 3 T 100 33 5 T 
Symphoriocarpus albus 67 40 2 T - 33 - + 
Amelanchier alnifolia 78 60 3 1 25 17 T T 
Berberis repens 78 80 3 T 50 67 T T 
Pachistima myrsinites 89 100 7 T 75 67 T T 
Rosa gymnocarpa 78 100 6 4 75 83 2 T 
Sorbus scopulina 22 20 T T - 17 4 T 
Spirea betulifolia 89 93 3 3 75 67 5 2 
Lonicera utahensis 33 67 T T 50 - T -
Acer glabrum 100 100 12 19 75 67 13 3 
Lonicera ciliosa 22 33 T 1 25 33 T T 
Vaccinum globulare 78 93 T 9 75 83 T 7 
Menziesia ferruginea 11 53 + 4 50 33 T T 
Taxus brevifolia 22 47 2 15 - 33 - T 
*Based on all the stands in each category. 
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TABLE n. (continued) 
SPECIES 
ABIES GRANDIS 
Average 
Percent Percent 
Presence Coverage 
THUJA PLICATA 
Average 
Percent Percent 
Presence Coverage 
30-90 >150 30-90 >150 30-90 >150 30-90 >150 
(n=9) (n=15) (n=4) (n=6) 
PERENNIAL FORBS 
Fragaria vesca 67 7 T T 25 - T -
Hieracium albiflorum 78 53 T T 50 33 T T 
Chimaphyla umbel lata 100 93 5 2 75 83 8 8 
Pyrola chlorantha 22 67 T T 50 17 T T 
Pedicularis racemosa 33 13 T 1 - - - -
Smilacina racemosa 33 20 T T - - - -
Pyrola secunda 78 73 T T 50 100 T T 
Arnica 1 atifolia 33 47 13 3 75 33 10 T 
Corallorhiza maculata 33 33 T T - - - -
Disporum hookeri 67 73 4 4 25 17 T T 
Listera caurina 44 47 T T 25 83 T T 
Pyrola pi eta 11 20 T T 25 17 T + 
Goodyera obiongifolia 89 100 T T 50 100 T T 
Xerophyllum tenax 100 100 9 14 25 50 T 6 
Viola orbiculata 67 80 T T 50 100 T T 
Thalictrum occidentale 44 47 T 1 25 17 T T 
Galium triflorum 11 33 T T - - - -
Linnaea boreal is 56 80 T 2 75 83 19 6 
Smilacina stellata 78 87 T 2 25 50 T T 
Clintonia uniflora 78 100 2 5 75 83 2 2 
Pyrola asarifolia 22 67 T T 50 17 T T 
Osmorhiza chilensis 33 73 T T 25 17 T T 
Adenocaulon bicolor 56 100 2 5 - 17 - T 
Tiarella trifoliata 33 47 T 1 25 17 T T 
Monotropa uniflora - 13 - T - 33 - T 
FERNS 
Gymnocarpium dryopteris - 20 - T - 17 T 
Pteridium aquilinum 56 20 4 T 100 33 5 T 
GRAMINOIDS 
Calamogrostis rubescens 67 33 2 1 25 33 T T 
Carex concinnoides 78 60 T T - 50 - T 
Melica subulata 44 20 T 1 - - - -
Festuca occidental is 11 40 T T - 17 - T 
Bromus vulgaris 33 80 T T 75 17 T T 
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of the new stand. For a few years following the fire - while mineral 
soil is exposed and a dense herb and shrub layer has not yet developed 
well - lodgepole pine and western larch can become established. Many 
factors determine if these species will become established and what 
their relative proportions will be. The presence of lodgepole pine 
in the burned forest is the most critical factor for the establishment 
of this species. For larch the location of seed trees appears to be 
most important. Post-fire dry years could be limiting, particularly 
on the drier sites. If lodgepole pine or larch fail to establish the 
sequence of stand development will be greatly altered. 
Douglas-fir often develops slightly later than lodgepole pine or 
larch since it requires a little more shelter from shrubs. Where larch 
or lodgepole pine have developed well, Douglas fir ends up underneath 
and few individuals attain a dominant canopy position. The suppressed 
individuals may persist for long periods of time. With the development 
of a little more shelter Abies qrandis. Thuja plicata, Pinus monticola 
and Picea can become established. On north slopes and on other aspects 
during wet years, these species may not need any cover and establish 
simultaneously with the larch and lodgepole pine. In northern Idaho 
white pine develops initially on burns but most sites in the Swan 
Valley are too dry for direct establishment. Consequently, white pine 
ends up under other trees in most cases, but if a small opening is 
present in the overstory rapid growth occurs and a dominant position 
can be attained. In cases where lodgepole pine or larch fail to 
establish, a stand dominated by some mixture of Douglas-fir, white pine 
and grand fir will slowly develop. 
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Immediately after the fire, sun-requiring herbs and shrubs begin 
to occupy the site. These are mixed with species present before the 
burn that have sprouted from the roots. In most cases the herb and 
shrub layers are well developed in a few years. In stands with a 
dense growth of young trees, canopy closure will occur at an early 
age and the sun requiring species will be rapidly eliminated. Where 
initial tree establishment is poor, shrubs will have more time to 
develop. Eventually, though, more shade tolerant trees will break 
through the shrub layer and close the canopy. Canopy closure is the 
main event influencing the change in herb and shrub species present. 
Understory species density is inversely related to canopy density. 
Many stands enter a very dense stage when the trees are about pole 
size, which is equivalent to the "stagnation stage" of Daubenmire and 
Daubenmire (1968). This stage of development exhibits the minimum in 
understory species coverage. 
Lodgepole pine has a normal life expectancy of 120-160 years in 
most grand fir stands. If a stand burns at this time or before, 
lodgepole pine is often favored in the regeneration. Once a grand fir 
stand has reached the critical stage where lodgepole pine drops out of 
the forest, fire in most cases will favor the regeneration of a larch 
dominated stand. Larch are very fire resistant and long lived so that 
fires separated by long periods tend to reinitiate larch stands. If 
larch or lodgepole fail to establish on a burn, a new forest stand can 
only develop by the slow entrance of species capable of growing through 
the resulting brushfield. Stands containing a high proportion of white 
pine have very little larch because of this. Old stands composed of a 
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mixture of white pine, Douglas-fir, grand fir, and some spruce are 
common in some drainages. When burns occur in these areas a similar 
forest will be slowly reinstated by brushfield invasion unless larch 
seed trees are nearby. 
It is easy to visualize how lodgepole pine and larch become 
re-established on large burns but grand fir and redcedar are often 
completely removed from such areas. The saplings of these two species 
are often abundant near the edge of burns but are infrequent at the 
center of large burns. Sufficient seed dispersal for adequate stocking 
only occurs to an average distance of less than 150 m from the seed 
trees (Powells 1965). Areas which are remote from a seed source are 
only slowly restocked with climax species. A few become established 
through long range seed dispersal and eventually supply seed for 
further development. 
Partial burns. A light ground fire can pass through a stand with 
little affect on larger individuals of all tree species. On other 
occasions most trees, except the fire resistant Larix occidental is, are 
killed. A continuum of possible fire intensities and corresponding 
degrees of canopy removal exists. Partial burns tend to exhibit a 
wide range of intensities within short distances. Some sites have 
almost complete canopy removal while others are little affected or 
even unburned. On most partial burns seed source is consequently not a 
problem. Partial burns are common along the edges of replacement 
burns, particularly on wet sites. 
A wide range of fire resistance is exhibited by tree species 
present in the grand fir zone of the Swan Valley. From my field 
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observations an approximate ordering of species from most to least 
fire resistant is: larch > ponderosa pine > Douglas fir > white pine 
= redcedar > grand fir = spruce > lodgepole pine = western hemlock 
> subalpine fir. This rating system is very similar to that presented 
by Flint (1925) and Weliner (1970). Fire resistance is not only 
attributed to bark thickness but also other factors such as foliage 
flammability, extent of self pruning^ and amount of girdling a tree 
can withstand. Redcedar is better able to survive fires than grand 
fir due to its ability to survive nearly complete girdling. In most 
cases a grand fir will die when scarred over greater than half of 
its circumference. In contrast redcedar were observed with only a 
narrow strand Of bark attached to a sole green limb which was producing 
abundant cones. 
Partial burns kill some trees resulting in an increase in light 
reaching the forest floor and an increase in soil moisture due to 
reduced transpiration. The shrub layer is reduced, at least tempor­
arily, resulting in further increases in soil surface light and 
moisture. Fires reduce the duff layer to varying degrees making 
mineral soil more available. The net result of these changes is an 
ideal seed bed for the more shade tolerant tree species. One of the 
most distinctive features of many non-replacement burns is the develop­
ment of a dense layer of redcedar or grand fir. For instance, stand 
#49 is on a very wet, lower north slope. A ground fire burned through 
this stand removing about 25% of the canopy. This site now supports 
a dense mixture of sapling grand fir, redcedar, and western hemlock. 
A residual canopy of larch or a broken canopy of other species will 
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promote the development of a dense layer of shade tolerant species. 
If a dense canopy should persist after the fire little seedling 
development will occur. In a sense, then, this type of burn may 
advance a stand along the path of successional development by 
decreasing the proportion of serai species and increasing the pro­
portion of climax species. Without the fire, the climax species 
establish only gradually due to the duff layer and understory compe­
tition. Stands with dense canopies of redcedar or grand fir were 
in most cases created in this manner. The development of a layer of 
climax species is most prone to occur on the wetter sites while drier 
sites exhibit little tree seedling establishment unless a large 
proportion of the canopy is removed. 
Where canopy openings are formed, white pine and Douglas-fir can 
become established. They can outgrow the climax species and attain a 
dominant position in the canopy gaps. Larch and lodgepole pine were 
not found to establish unless canopy removal was almost total. 
Understory shrub and herb species composition is affected much 
less by partial burns than by replacement burns. Many species sprout 
from the roots to re-occupy the site. The remaining canopy prevents 
the invasion of shade intolerant species. Some species respond 
positively to the increased light and moisture but this response is 
often only temporary. When dense stands of climax species develop, 
both the shrub and herb layers are inhibited. Some of the poorest 
herb and shrub layers, both in coverage and number of species where 
observed on such sites. If a dense layer of tree species fails to 
develop due to inadequate canopy removal or some other cause, increased 
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coverages of herbs and shrubs may persist for many years. The lack 
of partial burns over the last 30 years complicates the process of 
deciphering understory species responses to this type of disturbance. 
Windthrow 
Many trees in the Swan Valley exhibit severe heart rot making 
them very prone to breakage. Grand fir, redcedar, and white pine are 
most notable in this respect. Shallow root systems expose certain 
species to uprooting. Western larch and Douglas-fir are relatively 
windfirm and where they compose the canopy many very rotten and 
shallow rooted individuals of other species are protected below. 
Stands which have a high proportion of old white pine, spruce, grand 
fir, or redcedar in the overstory are most prone to windthrow. No 
large windthrown forested tracts are known at present within the 
grand fir area of the Swan Valley. Considering the high proportion 
of rotten trees in the canopy of some stands, it is surprising that 
more windthrow does not occur. This indicates a lack of strong winds 
in the lower elevations of the Swan Valley. 
Individuals and small groups of trees toppled by the wind are 
common. The openings created have different characteristics from those 
generated by partial burns. In the windthrow openings the shrub, herb, 
and litter layers are not removed. Tree seedling establishment is more 
difficult with grand fir, Douglas-fir, and white pine the most success­
ful species. Windthrow openings support more luxuriant herb and shrub 
layers than occur under the adjacent canopies. The species composition 
is altered with some species exhibiting significant coverages only on 
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such sites. These openings are important in increasing the hetero­
geneity and diversity within the forest. 
Insects and Disease 
Most forests within the Abies grandis region of the Swan Valley 
appear vigorous, showing little sign of extensive insect and disease 
damage. This generalization does not hold for all stands and species. 
The spruce budworm (Choristonura occidental is) is the most 
prominent insect affecting grand fir. Spruce, subalpine fir, and 
Douglas-fir are also primary hosts while larch is somewhat affected 
but redcedar and the pines are affected very little if any (Schmidt 
and Fellin 1973). The effects of this insect are conspicuous in some 
grand fir stands but at present there are no significant outbreaks 
in the Swan Valley grand fir zone (Bousfield, personal communication 
1977). In stands with both grand fir and Douglas-fir, grand fir 
appears to be the most affected. Williams (1966) concluded that grand 
fir was more severely damaged than Douglas-fir in eastern Oregon. 
Very few grand fir have been killed in the Swan Valley but many trees 
exhibit dead terminal portions. The top is often killed back 1 m and 
the tips of side limbs are dead, while the entire tree shows poor 
vigor with low needle density. The budworm feeds mostly in the canopy 
but young trees are also affected if they are exposed. 
Stands with high proportions of grand fir, and to a lesser extent 
Douglas-fir appear to have a higher than random chance of being affected. 
Stand #55 is composed predominantly of grand fir with a poor represen­
tation of serai species. This stand has been utilized by budworms to 
a high degree. Stand #34 is near the dry limits of grand fir and 
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contains a high proportion of Douglas-fir. The grand fir in this 
stand have experienced significant damage in the past. There may be 
a tendency for drier stands to be more affected. A high concentration 
of a preferred host like grand fir exposed in the canopy layer - a 
condition rarely attained under natural conditions due to fire -
appears to be important in predisposing a forest to budworm attack. 
The larch casebearer (Coleophora laricella) is a serious 
defoliator of larch which was introduced from Europe and entered the 
Swan Valley in about 1968 (Bousfield, personal communication 1977). 
This insect occurs at chronic levels in most stands. Maximum popu­
lations occurred in about 1973 and this insect has decreased since 
then (Bousfield, personal cotmiunication 1977). The most severe 
defoliation occurs in young stands at lower elevations. Growth 
reduction may be significant in such stands but mortality is not 
evident. Tunnock (personal communication 1977) doubts that growth 
reduction has been important in the Swan Valley, but no studies have 
been done in that area. 
Bark beetles (Dendroctonus sp.) are not at present causing any 
major loss of trees. In the past these insects at times must have 
contributed to the early breakup of some stands. Both the Douglas-fir 
bark beetle (^. pseudotsuga) and the Engelmann spruce beetle (£. 
engelmannii) have reached near epidemic levels in some grand fir stands 
within the last 20 years (Lukes 1976). 
The white pine blister rust (Cronartium ribicola) has destroyed 
many of the pole size and younger white pine in the Swan Valley. Dead 
trees of these sizes are often more common than living ones. Large 
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individuals are less prone to destruction since limbs are killed but 
the whole tree is often not destroyed. The rapid advance of this 
disease is emphasized by the large number of infected and recently 
killed trees. Since the alternate hosts (species of Ribes) are 
common, the future of white pine as a significant forest component 
is questionable. 
Heart rot, caused by the Indian paint fungus (Echinodontium 
tinctorum), occurs in most grand fir by the age of 100 years. The 
rot affects only the heartwood so these trees often continue to grow 
well and are sheltered from windthrow by the overstory larch. 
Historically, stands burned before grand fir attains a large represen­
tation in the overstory so this rot may not seriously affect the 
ecological role of grand fir. The rot tends to be ubiquitous through­
out the stands. The rate of infection is age related. The critical 
age range for serious rot to develop appears to be between 80 and 100 
years although the initial infection may occur much sooner. Very few 
individuals reach 150 years of age without developing extensive rot. 
I can detect no differences due to site except since the fungus 
infection tends to show an age response, trees on better sites which 
have overhead light will attain the largest size before rot develops. 
There is some indication that suppressed individuals tend to develop 
rot at a younger age than dominants. Heart rot caused by Indian paint 
fungus is prevalent in grand fir throughout its range and produces 
serious problems from a forestry standpoint (Hubert 1955, Maloy and 
Gross 1963, Kimmey 1965, Maloy 1967). Redcedar, white pine, western 
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larch, and other species to a lesser extent exhibit heart rot due 
to a variety of fungi. 
Larch dwarf mistletoe (Arceuthobium laricis) is common on 
western larch throughout the study area. The most heavily infected 
stands resulted from fires which left old infected larch scattered 
in the stand. Where fires have removed all trees over large areas 
dwarf mistletoe is absent. The natural control of dwarf mistletoe 
involves hot fires which remove the infective overstory since this 
parasite appears to have little potential for long distance dispersal. 
The Douglas-fir dwarf mistletoe (Arceuthobium douqlasii) is 
rare in the grand fir region of the Swan Valley. This is apparently 
due to large hot fires which destroy most Douglas-fir (Alexander and 
Hawksworth 1975). Host continuity is broken and the parasite elim­
inated. In adjacent drier regions where fires do not remove most 
of the old Douglas-fir this dwarf mistletoe occurs in abundance. 
Gap Phase Regeneration 
Many stands have large numbers of grand fir between 2 and 5 m 
tall. These stands give the initial impression of having an all age 
structure for this species. A size continuum exists between these 
numerous small individuals and a few, near dominant, larger ones. This 
is the condition to be expected where a climax species is steadily 
becoming established in a stand. Although this explains the overall 
impression well, on closer examination some problems become apparent. 
Seedlings and trees less than 1 m tall are often absent. Many of the 
small trees are markedly suppressed and making very slow growth so 
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they are very old for their size. During this study the cutting of 
large numbers of grand fir less than 5 m tall verified that sup­
pressed individuals make very slow growth. Suppressed grand fir two 
meters tall are rarely less than 50 years old and can be over 100 
years old. 
When a fire passes through the forest, a period favorable for 
grand fir establishment is initiated. This period lasts between 20 
and 50 years. Its duration is determined both by the character of 
the fire and the nature of subsequent vegetation development. Even­
tually a point is reached where accumulating litter combines with a 
thickening canopy to make grand fir establishment difficult. At this 
point effective reproduction below the canopy will cease. During 
this period a few grand fir reach overhead light and grow to large 
size at rates of over half a meter per year, whereas others are 
suppressed and make very slow growth. Vigorously growing grand fir 
over 20 m tall were found at times to be about the same age as nearby 
ones only 2 m tall. The impression of an all-aged stand is misleading. 
The cessation of below canopy seedling establishment does not 
imply that subsequent seedling establishment in the stand will be 
non-existent. For long periods of time some homogeneous, dense stands 
will generate little effective reproduction. As the dominant trees 
reach maturity, windthrow and disease increasingly take their toll, 
leaving gaps in the canopy. In most stands a few gaps occur throughout 
successional development. These gaps are vital in the establishment 
of tree species. Abies grandis is the most aggressive tree species 
to colonize such openings and is the only one apt to be successful in 
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very small openings. In the wettest forests, redcedar can share this 
role. When the openings are larger, white pine and Douglas-fir can 
become established. An opening created by the toppling of 2 or 3 
large trees is often sufficient. Both of these latter species can 
establish on duff and do not require much light when young. White 
pine makes slow growth at first but once overhead light is encountered 
growth becomes rapid and all other species in the opening are over­
topped. White pine and Douglas-fir tend to be most successful in 
openings on sites with dry to average moisture status. On the driest 
sites capable of supporting grand fir, Douglas-fir is codominant 
whereas white pine is absent. 
The phenomenon of gap phase regeneration (the condition where 
regeneration is confined primarily to openings) is not limited to 
drier stands. The very wet stream-side redcedar grove on South 
Woodward Creek contains many openings. On downed logs lying across 
these openings, occur vigorous grand fir, redcedar, spruce, and sub-
alpine fir ranging in size from seedlings to greater than 5 m tall. 
Although this stand is dominated by redcedar, this diversity of young 
trees will maintain the admixture of other species present in the 
canopy now. This phenomenon of gap phase regeneration is important 
in the maintenance of mixed redcedar-grand fir stands. 
The "Climax" 
A unit of vegetation can be considered to have reached a climax 
status when it attains a high degree of internal compositional stability. 
An apparent steady state will continue until some disturbance initiates 
a successional sere which will lead back to the climax community. The 
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climatic climax designates the climax community attained on modal 
sites where soil or some other factors are not unusual. It is ironic 
that this climatic climax as normally viewed does not represent all 
of the climate, because it overlooks fire. Fire is as much a product 
of the climate as the sun, wind, and the lightning storms that 
produce it. Just because fire comes after erratic intervals of 
long duration does not mean that its occurrence is unnatural. Quite 
the contrary. Over long periods of time the lack of fire is unnatural. 
Just as the coldest winter in 50 years and the hundred year flood must 
occur eventually, so must fire. If cold winters and floods are part 
of the long-term normal environment, so is fire. From the limited 
viewpoint of one human lifetime, fire is an erratic and semi-unpredict­
able force, but over the millennia, fire is as predictable a part of 
the environment as the mean average temperature. Both are a product 
of the same climate. 
The evidence of fire is omnipresent in the forests of the Swan 
Valley. For eons the plant species now occupying the Swan Valley have 
died and lived by fire. It is not known for sure where these species 
grew during the glacial advances, but wherever they were, fire was 
probably with them, for these species are adapted to a climate of which 
fire is an integral component. That fire has been a crucial factor in 
the evolution of many species is vividly illustrated by their life 
histories. Larch and lodgepole pine are most notable in this respect 
(Wellner 1970, Brown 1975). 
Very few stands in the Swan Valley reach that quasi-stable state 
termed "the climax", which lies at the end of the long road of serai 
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development following a fire. Species are adapted to the environ­
mental complex (both abiotic and biotic) within which they live, not 
to some theoretical state which is rarely if ever attained. In the 
Swan Valley grand fir is not adapted to a dominant canopy position 
since this is a status it does not normally attain due to recurring 
fires. This species is adapted to live out its life cycle under 
larch or Douglas-fir for this is its normal status. The selective 
forces which mold a species come from the biotic as well as the abiotic 
environment under which it lives. 
The concept of a traditional climax state can be useful as long 
as its limitations are recognized. It must be realized that this is 
not a state that exists in the Swan Valley grand fir forests but only 
a theoretical point upon which to focus trends which do occur in the 
vegetation. This forest vegetation is stable over the long course of 
time but exhibits wide fluctuations during shorter periods (hundreds 
of years). At times a site will support old stands and at other times 
young stands on fresh burns, and both will come again and again. I 
thus prefer to view fire in an evolutionary sense not as a disturbing 
factor destroying the ecosystem, but rather as a potent environmental 
factor which induces a state of fluctuation in the ecosystem. The 
forests of the Swan Valley would not be as variable and interesting 
as they are today if fire had not been a part of the environment. 
The concept of competitive exclusion can be used to argue that 
only one ultimate climax species will come to dominant a site since 
other associated species will be less well adapted to the climax 
conditions on that site and thus eventually eliminated. This theory 
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runs into difficulty in the Swan Valley when it is realized that 
the potential climax species in this area have not often attained the 
climax state. These species have undergone natural selection to live 
out their life cycles and fill a niche in serai stands, and thus they 
may not be well adapted to dominate the theoretical and largely 
unattainable climax stands. The best one can do is analyze the 
trends of development to determine which species regenerate and 
increase as a stand ages. 
On the driest sites in the Swan Valley which can support grand 
fir, this species will apparently co-exist with Douglas-fir in climax 
stands (stands no. 27 and 34, Appendix B-1). In stands too dry for 
the existence of significant amounts of redcedar, Abies grandis is 
the principle reproducing species. Most of this reproduction occurs 
in openings. Often these openings are large enough for white pine 
and Douglas-fir to also become established. Since these openings 
are a common and an inevitable part of the forest, there is no reason 
to believe that these species would not continue as minor components 
at least on drier sites. The drier two-thirds of the sites capable 
of supporting grand fir have a potential climax canopy of grand fir 
with variable small amounts of Douglas-fir and white pine. Small 
amounts of spruce and subalpine fir can be maintained in many stands 
by the same factors. 
On the sites where redcedar can grow and form stands, the situation 
is more complicated. Redcedar seedlings germinate well on damp, mineral 
soil. After hot burns stands with a dense understory layer of redcedar 
and an overstory of larch can be initiated. After canopy closure 
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redcedar has problems establishing seedlings. The duff layer combined 
with dense shade seems to be very inhibitory. These stands enter a 
phase, as do all the stands considered here, during which seedling 
establishment of all species below a dense canopy is very poor, and 
most reproduction is confined to openings (stagnation phase of 
Daubenmire and Daubenmire 1968). Grand fir establishes itself as 
well as, if not better than, redcedar in openings. 
Redcedar is shade tolerant, but this is of no value when the 
seedlings fail to establish. In the Swan Valley, as in other areas, 
redcedar seedlings have very poor root development under heavy shade, 
and thus soon die of drought (Powells 1965, Haig ^ al^. 1941). After 
a fire, transpirational water loss is reduced so soil moisture is 
high. As the stand becomes established, transpiration increases and 
the soil becomes drier. This transpirational drying of the upper soil 
layers combined with the dense shade, which limits root growth, pre­
vents the establishment of young redcedar. Consequently on many sites 
redcedar forms stands and grows well but is incapable of reproducing 
sexually under the canopy. Grand fir appears to be more drought 
resistant and better able to successfully establish under a canopy. 
In all cases where comparable aged seedlings of redcedar and grand fir 
were found growing together, the grand fir seedlings had deeper root 
penetration. 
Redcedar does not have to reproduce from seedlings. Most sites in 
the Swan Valley are too dry for broken canopy limbs to root (as noted 
by Habeck 1963), but trees and lower branches bent down by the snowpack 
often form adventitious roots. Almost all small redcedar in older 
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stands originated from the layering of bent down branches and small 
trees. This method of reproduction can generate young redcedar in a 
stand for long periods, but becomes ineffective if browsing by big 
game removes young redcedar trees and lower limbs. In most stands 
there is no clear evidence that redcedar is replacing grand fir since 
very little establishment of either occurs under dense canopies, and 
grand fir is more successful at establishing in openings even in many 
of the best redcedar stands. It is important to remember that both 
grand fir and redcedar are at the limits of their ranges in the Swan 
Valley and may not exhibit the same ecological amplitude or functional 
role in the forest as they do in other parts of their ranges. None 
the less, there seem to be many similarities regarding reproduction 
difficulties between the Swan Valley and other areas. Habeck (1977) 
has observed the lack of young redcedar in many old redcedar stands 
in the Selway drainage. Daubenmire and Daubenmire (1968) are convinced 
that redcedar is, at least slowly, replacing grand fir in their Thuja 
piicata/Clintonia uniflora habitat type, but I do not think this trend 
is clear in their stand data (Daubenmire and Daubenmire 1968, Appendix 
A). Pfister^^. (1977, p. 72) recognize that grand fir and redcedar 
may occasionally be coclimax near the range limits of redcedar in Montana. 
I think it is important to consider the possible selective advan­
tage of the genotypes, of either redcedar or grand fir, which are best 
able to establish under the forest canopy. When an intense fire passes 
through a stand the grand fir and redcedar which developed below the 
canopy are most easily destroyed, which in part negates the selective 
advantage of genotypes able to establish under such conditions. 
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Consequently, I contend that there may be little selective pressure, 
at least in the Swan Valley, for genotypes which can establish under 
mature canopies since the almost inevitable fires return before the 
trees which established initially in the stand die. 
A few grand fir stands appear very wet and are suspected of 
being capable of supporting redcedar stands, although they contain 
few or no redcedar. These stands have high coverages of Taxus 
brevifolia. The yew forms dense, arborescent-shrub-like thickets up 
to 8 m high and with individual stems over 1 dm in diameter. Yew is 
not common in most redcedar stands studied. Both yew and redcedar 
have extensive, but shallow root systems and possibly severe root 
competition occurs. Once redcedar is established yew development may 
be inhibited; grand fir does not seem to compete as directly with the 
yew. 
Most redcedar and grand fir in the Swan Valley developed after 
fires, and conditions during the immediate post fire period determine 
which will predominate. This then is where explanations for stand 
differences must be sought. Redcedar establishes very well after hot 
fires on wet sites. Stands 14, 19, and 30 confirm this. A mixed red-
cedar-grand fir stand (#29) was converted to pure redcedar (#30) by 
a hot fire. Grand fir also establishes well after fires but never 
forms the dense jungles of young trees of which redcedar is capable 
(17,000 per hectare in stand #14). Which species will attain the 
highest density is a function of seed source and the timing of good 
seed crops. The survival of a few seed trees may be critical when hot 
fires burn large areas. 
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High fire frequency may favor redcedar since this species is 
slightly more fire tolerant and seeds in well on burns. The paired 
stands 18 and 19 illustrate such a site (Table 10, p.. 103). Sub­
surface water yeiIds high productivity and corresponding high fuel 
accumulation rates. The southerly exposure favors drying the fuels 
so a higher than average fire frequency can be expected. The large 
proportion of lodgepole pine in these stands supports this premise. 
These two stands contain dense growths of redcedar but are the only 
redcedar stands with no grand fir. On sites which can support both 
grand fir and redcedar, redcedar is favored when establishment occurs 
after a fire that exposes abundant moist mineral soil provided the 
seed source for both is adequate. 
In the Porcupine Creek drainage there are very wet sites which 
support stands containing little or no redcedar but are instead 
dominated by old grand fir, white pine, Douglas-fir, and spruce. 
These stands probably developed in the following manner. A very 
intense fire could have swept over this entire drainage leaving 
almost no seed source. The forest at that time must have contained 
no lodgepole as the forest now does not and shows no sign that it 
ever did. Larch seedling development failed either due to a lack of 
seed trees, poor seed years or unfavorable climatic conditions. A 
brushfield would have developed which was slowly invaded by species 
capable of doing so, initially through long distance dispersal. The 
present forest of white pine, Douglas-fir, grand fir, and spruce is 
what would be expected after such a development. The final question 
involves why redcedar would not also invade the brushfield. Although 
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redcedar has somewhat poorer seed dispersal than grand fir (Powells 
1965), the lack of a seed source is not adequate since redcedar 
appears more fire resistant than grand fir. Redcedar is at the 
limits of its range here and establishment in the brushfield may 
entail the same problems as occur in forest openings. Shrub trans­
piration dries the surface soil apparently creating conditions 
intolerable for redcedar but within the moisture requirements of 
grand fir. It is significant in this respect that all of the stands 
with a high proportion of white pine and little or no larch (the 
stands which probably originated by brushfield invasion) contain very 
little if any redcedar. 
CIearcuts 
Since extensive commercial logging began in the Swan Valley, 
clearcuts (including seed tree cuts) have been the predominant 
harvesting procedure employed. Very little selection cutting has 
been used. Since most of these clearcuts are less than 25 years old, 
only early serai stages occur. On most of these the slash has been 
dozer piled and burned. This condition in many ways mimics a natural 
fire but there are important differences. The piling of slash causes 
extensive soil scarification, produces very unequal fire intensities, 
removes most of the lodgepole pine seed source, and leaves much less 
debris on the ground. The removal of the logs also contributes to 
this lack of debris. Broadcast slash burns are more similar to natural 
fires, but have often not yielded adequate fuel reduction on flat 
valley bottom locations. 
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Many clearcuts may follow paths of successional development 
similar to ones occurring on natural burns. Larch dominance is 
common, and where this does not occur more shade tolerant species 
are developing among the shrubs. In many cases the tree composition 
is similar to that in the adjacent unlogged forest. The lack of logs 
on the ground can cause some seedling mortality of all species on 
dry sites due to lack of shelter, and may have nutrient cycling 
effects. All things considered, there is no fundamental reason for 
believing that these stands will not develop very much as natural 
stands do. 
Species Responses 
Trees 
Pinus contorta exhibits a strong relation to the y-axis of the 
ordination and is a major if not the major canopy component in many 
younger stands (Figures 21 and 22), Lodgepole pine grows rapidly at 
first, reaching 1 dm in diameter in less than 30 years, but a marked 
decrease in growth occurs when 2 dm in diameter is reached. Height 
growth at first is similar to larch but almost stops at the age of 
100 years (Figure 24). Most trees begin to die when about 3 dm in 
diameter, 30 m tall and less than 150 years old. Few trees reach 
4 dm in diameter or live to be 200 years old within the central part 
of the grand fir zone in the Swan Valley. This relatively short 
life span contrasts with ages over 250 years which are often attained 
by lodgepole pine in the upper grand fir stands and adjacent higher 
elevation forests. 
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22. Ordination pattenis of tree species (coverage class numbers). 
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Fig. 23* Ordination patterns of tree species (coverage class numbers). 
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Fig. 214-. Height versus age of Larix occidentalis (•) and Pinus contorta (o). 
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Larix occidental is occurs throughout the range of grand fir in 
the Swan Valley. Western larch forms the meiin canopy component in 
most stands but is only a minor constituent of the uppermost (older) 
stands in the ordination (Figures 22 and 23). Age data indicate 
that these stands are not so old that larch has been eliminated but 
rather that they never contained much larch. The small larch are 
located only in young stands on the lower part of the ordination 
(Figure 22). Western larch attains average sizes of 7-8 dm in diameter 
and 40 m tall on modal grand fir sites. Individuals greater than 1 m 
in diameter and 45 m tall occur but are not common. Larix occidental is 
makes rapid early growth, then slow but steady growth into old age 
(Figure 24). Most individuals are healthy to an age beyond 300 years., 
and ages from 700 to over 900 years are attained at Seeley Lake just 
south of the Swan Valley (Koch 1945). 
Pinus ponderosa is rare within the grand fir forests. Ponderosa 
pine is represented by a few, often old, individuals on the drier 
sites (Figure 25). In the upper Swan Valley ponderosa pine is common 
on both the valley floor and dry slope exposures, on sites where 
Douglas-fir is potentially climax. 
Betula papyrifera has a wide distribution in the grand fir stands 
but is rarely abundant (Figure 25). Numerous sprouts develop from 
the base so older individuals are often multiple trunked. The trees 
rarely attain 20 m in height or 3 dm in diameter. Although the young 
trees grow rapidly at first, the relatively small maximum size allows 
paper birch to be overtopped by any of the conifers present. Paper 
birch is not very shade tolerant and thus dies within a few years 
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2$. Ordination patterns of tree wspecies (coverage class numbers) 
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after being overtopped by dense crowned conifers. Paper birch can 
persist into stands over 150 years old in canopy gaps or sometimes 
under a thin layer of larch. After fire paper birch can regenerate 
either from seed or stump sprouts, although most young trees come 
from seed. The seedlings appear to require wet mineral soil for 
successful establishment. Paper birch has difficulty competing with 
larch which also establishes itself well under the same conditions. 
Betula papyrifera develops into a major component only if the site is 
wet enough during the first post-fire years for seedling establishment, 
while neither larch or white pine develop on the site. Several paper 
birch dominated stands were seen (stand #36). In the Swan Valley 
upland forests, most individuals fit the description of Betula 
papyrifera in Hitchcock and Cronquist (1973) but apparent hybrids 
with occidental is were also observed. 
Pseudotsuqa menziesii is of ubiquitous occurrence within the Abies 
grandis forests and is a major component of many stands. Among tree 
species, only Larix occidental is has as great a total coverage as 
Douglas-fir. The larger individuals are well distributed throughout 
the mid and upper parts of the ordination (Figure 26). The smaller 
size classes occur in the younger stands on the lower part of the 
ordination and also in small amounts in the upper left. The latter 
individuals are developing in openings within dry, older forests. In 
the younger forests Douglas-fir establishes itself more slowly than 
either larch or lodgepole pine, but is more shade tolerant than these 
trees so many individuals eventually acheive a dominant position. If 
full, overhead light is available height growth is rapid and can equal 
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Fig. 26. Ordination patterns of tree species (coverage class numbers) 
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that of competing species (Figure 27). In old mixed stands, Douglas 
fir is not as tall as western larch or white pine. Most mature 
Pseudotsuga menziesii are 6-8 dm in diameter and 30-35 m tall. 
Pinus monticola is a significant component of most stands in the 
upper half of the ordination except for many redcedar stands (Figure 
28). The larger trees are distributed throughout the older grand fir 
stands but the younger trees are concentrated in the upper left part 
of the ordination. The young white pine are invading openings in 
the canopy of grand fir stands with average to dry moisture status. 
A curious anomaly involves the near complete lack of white pine in 
young natural stands (those 30-80 years old). Blister rust is 
apparently not the cause since there is no sign of dead white pine in 
these stands. In the past this species had to originate on burns to 
account for the amount of dominant individuals present in some older 
stands. White pine occurs on some burned clearcuts in large numbers. 
During the period when all the young stands sampled were being 
established, climatic conditions may have been too dry for successful 
white pine establishment. At the edge of its range slight variations 
in moisture conditions could well be significant during establishment 
periods. 
Young white pine can make rapid height growth if overhead light 
is available (Figure 29). White pine can attain heights of 50 m in 
the grand fir stands. Average mature trees are 6-8 dm in diameter 
while individuals greater than 1 m in diameter are rare. Most large 
individuals have severe heart rot. The white pine blister rust 
(Cronartium ribicola) is decimating this species so that if present 
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28, Ordination patterns of tree species (coverage class numbers) 
Finns monticola ^ 3 dm in diameter 
Old 
• 1 o 2 
Dry 
•  + •  * 2  
^ 1 
° D-̂  
o o 
A 
Young 
Wet 
Pinus monticola < 1 dm in diameter 
Old 
A 
• 
• ̂ • A A 
• • 
• • • 
• ̂ •^•0+ Wet 
Dry 
•
 
0 •
 
•
 
• • 
+ • •T 
• 
A"̂  
TO^ A 
> A 
• 0 
• 
^0 A 
• 0 A 
• A 
o A o 
o 0 A 
0 Young 
0 A 
Fig. 29. Height versus age of Pinus monticola. 
U2 
HEIGHT 
(tneters) 
36 
30 --
2h " 
18 -• 
12 --
6 •• 
• • 
AGE 
(years) 0 
-+-
50 100 
-4— 
150 200 
—I— 
250 300 
-P!. 
CO 
144 
trends continue white pine will be reduced to a minor status in a 
few years. It is possible that some of the trees still surviving 
are at least partially resistant (Williarhs, personal communication 
1977), but even if some individuals are resistant, a long time may 
be required for the species to regain its former abundance. 
Picea is widely distributed in the grand fir stands but in only 
a few instances is a significant component (Figure 30). The young 
trees invade openings in old stands, as well as form a minor component 
of younger stands. 
Abies lasiocarpa constitutes a minor component of many stands 
(Figure 31). The young trees can become established in small numbers 
in most older stands. Subalpine fir appears beyond its climatic range 
for good growth and usually does not become greater than 2 dm in 
diameter except in the higher elevation grand fir stands. Even though 
subalpine fir exhibits poor vigor, this species can maintain a status 
as a minor climax component due to its seedling establishment ability, 
Abies grandis attains high cover values in most stands (Figures 
33 and 34). Individuals less than 1 dm in diameter are distributed 
throughout the ordination with coverages greater than 5% in many 
stands. Since grand fir is able to withstand prolonged periods of 
suppression but can respond rapidly if direct overhead light is reached, 
a wide range of heights are associated with any given age (Figure 32). 
A climax species which can survive intense shade exhibits a poor 
relationship between size and age, while the height of shade intolerant 
species is more age related. Grand fir trees which reach overhead 
light at a young age average 30 m in height and 5-7 dm in diameter at 
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30. Ordination patterns of ti-ee species (coverage class numbers) 
Picea sp. >3 dm in diameter 
2 
Old 
A1 
• 
• • A A^ 
• 
Dry 
• 
"^•0 + 
• + • 
1 
• 
• 
o • 
Wet 
• • + • •! •
 
•
 •
 
•
 
A 
°o 
o 
O 
O 
A 
o 
o 
A^ 
A 
• 
A 
A 
+ 
A 
A 
A 
o 
o 
Young 
A 
Picea sp. <1 dm in diameter 
• 
Old 
.T A 
- A*^ 
• • 
• + • - •  •  • + 
^•o Wet 
Dry • T# • o • • 
• • 
T® •r 
T • A + 
+ ̂ 
TO^ A 
A 
O 
• o A * 
• O A 
• A 
O AT 
0 + 
o o A^ 
o Young 
A 
146 
31. Ordination patterns of tree species (coverage class numbers) 
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maturity. The largest individuals seen in the Swan Valley attain 
heights of just over 35 m and reach 1 m in diameter. The normal 
maximum age may be near 200 years, but all individuals are rotten 
by that time so precise age determination is not possible. 
Thuja plicata is concentrated on the right side of the ordination 
(Figures 34-36). Individuals are scattered throughout the ordination 
but most of those in the drier half of the stands demonstrate poor 
vigor. The maximum size attained by redcedar is highly variable. 
Along streams and on lower north slopes diameters over 1 m are common. 
In drier, upland redcedar stands the size reached is much smaller with 
old individuals often less than 7 dm in diameter and 25 m tall. Most 
redcedar over 2 dm in diameter are rotten on these dry sites. 
Tsuga heterophylla is rare in the Swan Valley. Western hemlock 
occurs sporadically in the wettest old grand fir stands. All stands 
containing western hemlock are clumped in the upper center part of 
the ordination (Figure 36). The only hemlock dominated stand (#56) 
occurs on the northern boundary of the study area in the Krause Basin. 
Most western hemlock seen were in good health and reproduction was 
often conspicuous. This species is living under marginal conditions 
here and can expand during moist periods but dry spells along with 
fires represent severe limitations. 
Shrubs 
Many shrub species are spread across the entire ordination. An 
intermittent tall shrub layer dominated by Acer glabrum is character­
istic of most stands. Mountain maple shows little response to 
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Abies grandis > 3 ̂dm in diameter 
Old 
Dry 
,2 20 • 
p2 
'2 
1 •o • 
O^ Wet 
•^2 
o^ 
o 
A 
Young 
Abies grandis 1 to 3 dm in diameter 
4 
Old 
.3 
Dry 
m 3 
W J ̂  3 _4 2 ^ 
• + 
• ̂3 
• 2  4« ^ 
3 
• 
1 
-3 ,3 
• 
2 *2 
2D-2 . ^2 
O. 4 
Wet 
A  
°o 
A"* 
Young 
150 
Fig. 3I4.. Ordination patterns of tree species (coverage class numbers). 
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35. Ordination patterns of tree species (coverage class numbers) 
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Fig. 36. Ordination patterns of tree species (coverage class numbers) 
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successional development with coverages over 5% common in both young 
and old stands (Figure 37). Berberis repens is a component of the 
low shrub layer in almost all stands but rarely attains a coverage 
greater than 1% (Figure 37). Pachistima myrsinities occurs in small 
amounts in almost all stands but increases in coverage to over 5% 
on many clearcuts. Lonicera utahensis and Sorbus scopulina occur 
with low coverages in stands scattered across the entire ordination 
(Figure 38). Rosa gymnocarpa and Spirea betulifolia occur in almost 
all grand fir stands reaching coverages over 57o in many drier stands 
but occur only occasionally in the redcedar stands (Figure 39). Spirea 
betuiifolia increases in coverage on clearcuts but Rosa gymnocarpa 
does not. 
Some shrubs occurring in older dry stands are able to invade 
wetter young stands indicating light is a major limiting factor for 
them. Other species are incapable of responding to these temporary 
open habitats. Symphoricarpus albus and Amelanchier alnifolia are 
restricted to the left side of the ordination showing little tendency 
to invade wet disturbed sites (Figure 40). Holodiscus discolor occurs 
in openings in dry stands and in a few cases wet stands (Figure 41). 
Rubus parviflorus is scattered in stands across most of the ordination 
reaching coverages over 5% in some stands with many openings or thin 
canopies (Figure 41). This species increases in coverage on clearcuts. 
Salix scouleriana and Shepherdia canadensis are major components 
of young stands with coverages over 5% common (Figure 42). Salix 
scouleriana forms a tall shrub layer in young stands often in conjunction 
with Acer glabrum. While Acer glabrum enters the stand through 
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Fig., 37. Ordination patterns of shrub species (coverage class numbers) 
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38. Ordination patterns of shrub species (coverage class numbers) 
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Fig. 39« Ordiricition patterns of shrub species (coverage class numbers). 
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UO. Ordination patterns of shrub species (coverage class numbers). 
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Ul* Ordination patterns of shrub species (coverage class numbers) 
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k2» Ordination patterns of shrub species (coverage class numbers)• 
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root-sprouts, Salix scouleriana depends on seed because it is elim­
inated in older stands. Salix scouleriana is intolerant of shade 
and can persist only under thin canopies so that it is removed by 
the time the stand is 70 years old. Shepherdia canadensis is most 
abundant in the young dry stands but persists into old stands if 
they remain open. 
To compensate for those shrub species which drop out or decline 
with successional development other shrubs tend to increase. Older 
stands often have shrub layers as dense as those in young stands but 
the species composition is different. Vaccinium globulare occurs in 
almost all stands but attains coverages of over 5% only in old stands 
(Figure 43). Drier than average stands with broken canopies appear 
to be particularly favorable for the species. Vaccinium globulare 
does not attain high coverages on most clearcuts or in young stands. 
This huckleberry exhibits a poor correlation between coverage and 
berry production. Although the coverage of Vaccinium globulare may 
be well over 5% in dense stands very few berries are produced. The 
bushes in more open sites are much more productive in regard to 
berries with the best crops occurring on sheltered clearcuts and in 
understocked woods. Partial logging can create excellent berry patches. 
The bushes are in poor condition on clearcuts which have warm, dry 
exposures. 
Ribes lacustre occurs in some old stands (Figure 43). Menziesia 
ferruginea is concentrated in the upper central part of the ordination 
where coverages over 5% are attained (Figure 44). Taxus brevifolia 
reaches very high coverages in stands in the upper central part of 
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Ull. Ordination patterns of shrub species (coverage class numbers) 
Menziesia ferruginea 
Old 
,3 
2 • " A 
2 • • 
1 • • 
T 
Dry 
1 • • , 
• O^ • 
AT 
°#T 
^o 
O A 
Young 
Wet 
TaxuG brevifolia •-
Old 
• ̂  
^ .3 o .1 Wet 
Dry , 
1 
T • • - t., 2°.i  ̂
• 2 ^ 
To ^ 
• o A 
• • 
°o 
o 
o  a  
o  Young 
163 
the ordination (Figure 44). These stands have a distinctive physiog­
nomy with large dense clumps of yew often covering from 25% to well 
over 50% of the ground. Most Taxus reproduction is by layering, 
although seedlings are common in the stands. Within the yew clumps, 
other shrubs as well as herbs are scarce and tree reproduction is 
non-existent. Taxus brevifolia is very shade tolerant and can 
develop a dense layer under thick canopies. 
Lonicera ciliosa and Clematis columbiana are small vines present 
in drier stands (Figure 45). 
Herbs 
The herb layer attains a coverage close to 100% in open stands 
but most stands have many spots where the herb layer is absend and the 
ground covered only by needles. In dense stands the herb layer can be 
very sparse. Many species occur in stands across the entire ordination. 
Chimaphila umbel lata, Viola orbiculata, Pyrola secunda, Pyrola 
chlorantha, Listera caurina, Linnaea boreal is, Pyrola asarifolia, and 
Clintonia uniflora are members of this group (Figures 46-49). Most 
of these species show little change with successional development once 
canopy closure has been reached, but tend to decrease (in some cases 
disappear) on clearcuts. Clintonia uniflora has the highest coverage 
in old stands but is present in almost every stand. In the Swan Valley 
the dry limits of Abies grandis coincide almost perfectly with those 
of Clintonia uniflora. The orchid, Goodyera obiongifolia is present 
in almost all natural stands in small amounts but is absent on most 
clearcuts. 
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Ordination patterns of shrub species (coverage class numbers). 
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Fig. I46. Ordination patterns of herbs (coverage class numbers) . 
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^ig. U?. Ordination patterns of herbs (coverage class numbers). 
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[i8. Ordination patterns of herbs (coverage class numbers) 
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Many species which occur throughout the grand fir stands are 
rare or absent in the stands having high redcedar coverage. This may 
be due to the denser shade characteristic of the redcedar stands. 
Smilacina stellata and Qstnorhiza chilensis are almost ubiquitous in 
the grand fir stands but are only sporatic in the redcedar stands 
(Figure 50). Disporum hookeri and Xerophyllum tenax are rare in the 
redcedar stands, but are present in most grand fir stands (Figure 51). 
They attain coverages of over 25% in some of the drier stands but do 
not show any coverage increase in the younger stands, and decrease 
greatly in coverage on the clearcuts. Hieracium albiflorum occurs 
in low amounts in most stands except for those with high coverages 
of redcedar or yew (Figure 52). This species does best in small 
openings, but does not increase much in coverage on the clearcuts. 
Adenocaulon bicolor is present in all old stands which are drier 
than average and can attain coverages of over 5% in these stands 
(Figure 52). On clearcuts this species is often present but has very 
low coverage. Thaiictrum occidentale and Pedicularis racemosa reach 
coverages over 1% in the driest stands but are represented by a few 
individuals in many grand fir stands (Figure 53). Arnica latifolia 
is an erratic component of stands under a wide range of conditions 
(Figure 54). This species produces large patches through vegetative 
propagation and can attain coverages over 50%. 
Some species require more light than is characteristic of most 
old grand fir forests and thus occur only in young stands or the drier, 
most open, old stands. Arnica cordifolia, Disporum trachycarpum, and 
Apocynum androsaemifolium occur in younger dry stands and older ones 
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Fig. Ordination patterns of herbs (coverage class numbers). 
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Fig. 51- Ordination patterns of herbs (coverage class numbers). 
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^2. Ordination patterns of herbs (coverage class numbers) 
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Fig. 53» Ordination patterns of herbs (coverage class numbers). 
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Fig. 5U« Ordination patterns of herbs (coverage class numbers). 
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if they are open (Figures 54 and 55). Fragaria vesca occurs in most 
dry stands and increases on clearcuts (Figure 56). Habenaria 
orbiculata occurs in a few older dry stands (Figure 56). Epilobium 
angustifolium is eliminated from stands upon canopy closure due to 
the species intolerance of shade, but is a major component on clear-
cuts with coverages over 25% common (Figure 57). 
The sheltered conditions in old forests are most favorably for 
certain species. Aralia nudicaulis, Pyrola pi eta, and Tril1ium ovatum 
occur in older stands except for most redcedar stands (Figures 57 and 
58). Aralia nudicaulis has coverages over 5% in a few stands but 
these are interspersed on the ordination with stands lacking the 
species so that no coherent group is formed. Occurrence only in older 
stands is normal for Listera cordata, Cornus canadensis. Galium 
triflorum, and Tiarella trifoliata (Figures 59 and 60). The sapro­
phytes Monotropa uniflora and Corallorhiza maculata are scattered in 
stands in the central part of the ordination (Figure 61). 
Ferns are not common in the grand fir stands. Pteridium aquilinum 
is scattered in stands ranging from dry to wet and from young to old 
but can reach coverages over 5% only in young or dry stands (Figure 62). 
Gymnocarpium dryopteris is present in a few of the wetter old stands 
(Figure 62). Other species of ferns are rare, occurring in only a 
couple of stands. 
Grasses and sedges reach aggregate coverages over 1% only in dry 
stands. On clearcuts most species increase in coverage while new species 
establish so that aggregate coverages over 25% are often attained. 
Melica subulata, Oryzopsis asperifolia, and Festuca occidentalis are 
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Fig. ^8. Ordination patterns of herbs (coverage class numbers). 
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Fig. 61. Ordination patterns of herbs (coverage class numbers). 
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Fig. 62. Ordination patterns of herbs (coverage class numbers). 
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are present in many stands (Figures 63 and 64). Calamagrostis 
rubescens attains coverages over S% in stands in the lower left 
corner of the ordination and on many clearcuts (Figure 64). Bromus 
vulgaris is present in most stands in small amounts (Figure 65). 
Carex concinnoides is present in most stands with coverages over 1% 
in the driest stands, and this species does not increase in young 
stands (Figure 65). On clearcuts Carex concinnoides increases to over 
5% coverage while £. rossii often invades the site and also attains 
coverages over 5%. In certain Douglas fir climax communities Carex 
geyeri is abundant, but this species occurs only in the driest grand 
fir stands (Figure 65). 
Geographical Relationships 
During the course of this study a number of trips were taken to 
other areas where grand fir is an important forest component. Of the 
areas visited, the Cabinet Mountains of extreme northwestern Montana 
and the Priest Lake area of northern Idaho have grand fir stands most 
similar to those in the Swan Valley. The general climate in both areas 
is wetter than in the Swan Valley so redcedar and western hemlock occupy 
most locations and grand fir climax sites are more restricted to dry 
topographic positions. Both the potentially climax grand fir stands 
and the driest redcedar stands, with large amounts of grand fir, bear 
many resemblances to those in the Swan Valley. Larch and white pine are 
major serai species. Understories are similar except for the presence 
or absence of a few species. 
In the Selway-Bitterroot Wilderness, Abies grandis forms a greater 
range of communities than in the Swan Valley. Grand fir is the major 
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Fig. 63. Ordination patterns of herbs (coverage class numbers). 
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Fig. 6U. Ordination patterns of herbs {coverage class numbers). 
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climax species over large parts of the Selway drainage below about 
1700 m elevation. The zone where Douglas-fir is climax is much 
reduced due to the ability of grand fir to grow on drier sites than 
in the Swan Valley. Since the advent of organized fire suppression 
grand fir can be found invading open ponderosa pine stands. In 
addition grand fir grows on sites in the Selway which are warmer than 
any Swan Valley sites. Most of the Selway drainage is beyond the 
range of Larix occidentalis and Pinus monticola, while Thuja piicata 
is common along streams but does not often form the types of upland 
stands present in the Swan Valley. Ponderosa pine and Douglas-fir are 
the major serai species growing on potentially grand fir climax sites. 
The distributions of these tree species indicates that on the average 
the Selway drainage is drier than the Swan Valley. 
Cursory examination indicates that grand fir on the average have 
thicker bark in the Selway drainage than in the Swan Valley. The grand 
fir in the Selway drainage attain larger diameters while often not 
exhibiting the tall slender profile characteristic of Swan Valley 
individuals. These characteristics may be related to the drier 
conditions and more frequent occurrence of ground fires. The understory 
of some cool, wet Selway stands is similar to that of Swan Valley stands 
but grand fir also grows on dry sites where the understory bears little 
resemblance to that present in any Swan Valley grand fir stands. 
Grand fir is common along streams and on lower north slopes in 
the canyons which drain the east side of the Bitterroot Mountains 
adjacent to the northern Bitterroot Valley. These stands appear to be 
somewhere between those of the Selway drainage and the Swan Valley in 
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species composition. Larch and ponderosa pine are common but white 
pine is very rare. 
The Wallowa Mountains of northeastern Oregon have extensive areas 
where grand fir is the potential climax tree species. Conditions in 
the Wallowa Mountains resemble those in the Selway drainage. Ponderosa 
pine and Douglas-fir are the typical associates of grand fir. Larch 
is present on wetter sites but grand fir appears to have greater 
drought tolerance than larch which is the reverse of the situation 
in the Swan Valley and most other parts of the northern Rocky Mountains 
(Pfister et al^. 1977, Daubenmire and Daubenmire 1968). Large, thick-
barked grand fir occur in open grassy ponderosa pine stands. These 
stands are maintained by frequent ground fires as demonstrated by 
numerous fire scars on the ponderosa pine as well as the grand fir. 
The physiognomy of such stands reminded me much more of Pinus 
ponderosa-Abies concolor stands I have observed in southern Colorado 
than of any Swan Valley grand fir stands. Daniels (1969) indicates 
that the fir populations in northeastern Oregon and central Idaho are 
the result of generations of introgressive hybridization between A,bies 
grandis and A. concolor. 
In the Washington Cascades I did not see many grand fir. Most 
grand fir occurs at low elevation and is serai to western hemlock or 
redcedar except for some in the Puget Sound lowlands and on the east 
side of the Cascade Mountains. On the Olympic Mountains grand fir 
occurs sparingly at low elevations. The species attains maximum size 
on the Olympic Peninsula but appears unable to compete well with the 
intense competition of other species present in this wet environment. 
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The individuals in Washington are much like the Swan Valley ones in 
overall appearance but bear less resemblance to the grand fir of 
the Selway drainage and Wallowa Mountains. 
Grand fir is not common in any large areas adjacent to the Swan 
Valley. Along Hungry Horse Reservoir the forests resemble those 
occurring in the Swan Valley just above the upper elevational limits 
of grand fir. A few grand fir occur, but these are restricted to the 
warmest sites. 
In the Lake McDonald vicinity of Glacier National Park the climate 
is wet enough to favor redcedar and western hemlock over grand fir. 
Following the North Fork of the Flathead River upstream conditions 
become too cold before moisture decreases adequately to allow for the 
development of a grand fir zone. Fires may have been responsible for 
the lack of grand fir near the junctions of the forks of the Flathead 
River where temperature and moisture conditions should be proper. 
CHAPTER VI 
SOME MANAGEMENT IMPLICATIONS 
At present forest lands within the Swan Valley are being used 
primarily for the harvest of wood from old-growth stands. Within the 
next few years a conversion will have to be made from the harvesting 
of natural old-growth forest to the harvesting of managed second-growth 
stands. In coming years there will be an increasing demand for more 
intense recreational use, watershed values, and the improvement of 
game haibitat, while aesthetic qualities of the landscape will receive 
more attention. These intensified demands will lead to increased 
conflict over management alternatives. Although it is impossible to 
maximize all aspects simultaneously it is important to minimize conflict 
by considering all possible short and long term ramifications of the 
actions being taken. Management desires are more a function of socio­
economic conditions than natural science, while management possibilities 
are a function of the physical environment and ecosystems present in 
the area under consideration. Realistic management goals must try to 
reach a delicate compromise of desires while making sure that the goals 
fit well within the range of possibilities. 
The primary aim of this study was to understand the structure and 
dynamics of natural grand fir forests in the Swan Valley. Since much 
of the thrust in management involves manipulation of species present 
in natural forests, any information on these species and the communities 
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they form may be of use in decision making. The following points are 
presented as ideas that might be worth considering in the management 
of grand fir sites in the Swan Valley. 
The production of wood has been and will probably continue to be 
the primary use of most of the grand fir stands. The Swan Valley grand 
fir sites are relatively productive for forests in the western Montana 
area and should be capable of producing a sustained high yield of wood 
material with proper management. Planning needs to consider how to 
optimize wood production, but without producing serious adverse effects 
on other uses. In many cases maximum wood production may have to be 
sacrificed to some extent in order to sustain other forest values. 
In managing a forest, mimicking natural processes and conditions 
as much as possible (while still favoring economically important species) 
may be advantageous since these are the conditions under which the 
species are best adapted. Western larch is the most important timber 
tree in the Swan Valley. Its successful establishment requires exposed 
mineral soil and direct overhead light. The predominant method of 
harvesting stands in the grand fir zone has been to use either the 
clearcut or seed tree method on a cutting unit, followed by slash 
disposal through piling and burning. In most cases, this procedure, 
has resulted in well stocked young larch stands. Such silvicultural 
practices mimic, in many respects, the conditions occurring after 
replacement burns where larch naturally becomes established. One 
difference involves the piling of slash which creates unequal fire 
intensities as well as the destruction of any lodgepole pine seed 
present. Since lodgepole pine is of lower economic value than larch. 
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this treatment has the beneficial effect of reducing lodgepole pine, 
but also enhances the chances of not getting a new forest established 
and dminishes diversity. Even with broadcast burning, most of the 
lodgepole pine seed is destroyed since the large accumulation of 
slash is often completely consumed. On natural burns most of the 
effective lodgepole pine seed may come from killed standing trees. 
Clearcutting does present some problems. The logging units have 
to be burned in order to remove slash, residual shrubs, and duff so 
that adequate areas of mineral soil will be provided for larch seedling 
establishment. On almost all sites when burning is not utilized, 
regeneration will be very poor and slow to develop. An alternative 
is to dozer pile but not burn all the slash, making sure that sufficient 
mineral soil for adequate regeneration is exposed in the process. This 
procedure has the serious drawback of retaining massive piles of litter 
which pose a future fire hazard and increase disruption of nutrient 
cycling. Burning clearcuts seems to be the better overall approach 
for seedbed preparation. Either broadcast burning or piling and then 
burning will yield a good seedbed. Piling causes more soil disturbance 
but is safer for fire control, and also more effective on gentle 
terrain. When piling is used, tree establishment and growth can be 
adversely affected where the volcanic ash layer is scraped thin (Lukes 
1976), or on the spots where hot fires occurred as piles were burned 
(Vogl and Ryder 1969). Significant amounts of smoke may originate 
from such fires. This pollution source can be minimized by utilizing 
good smoke dispersal weather, but it must be realized that if the forest 
ecosystems are to be kept in a productive condition, slash fires are 
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necessary. Considering the climate of the Swan Valley, the litter 
and slash are not apt to rot rapidly, so the eventual burning of such 
material can be delayed but probably not prevented. Historically 
fire has recycled organic material in the Swan Valley, and there is 
no reason why this role will not, or should not continue. 
Whenever soil is exposed the potential for significant erosion 
exists. Vegetation development is rapid enough to limit this potential 
to short time intervals. I have observed most severe erosion to occur 
in relation to roads, and not the clearcuts per se. Road construction 
represents a serious problem in this respect. In relation to the 
cutting areas, in many cases, it is recommended that (as is often done 
at present) some intact vegetation be left along permanent streams and 
even some intermittent water courses. Cutting units should be arranged 
so that long, open sections of slope are avoided. 
Just as natural burns sometimes fail to produce young stands, so 
do clearcuts. This problem is most acute on dry sties beyond the range 
of grand fir, but can also develop on grand fir sites. If dry years 
follow cutting, seedling establishment may not occur before a dense 
layer of shrubs and herbs gains dominance. Furthermore, corresponding 
poor seed years can compound the problem of seedling establishment. 
Where initial tree establishment fails, clearcuts will eventually 
produce a forest stand but not of western larch. A mixed stand con­
taining Douglas-fir, grand fir, white pine and other species will 
gradually become established. The resulting stand is not apt to have 
the most desirable composition and may be understocked. When this 
happens much time is lost in establishing regeneration. Some 
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preventative measures can be taken to minimize the potential for the 
failure of rapid regeneration. It is important to make sure adequate 
seed trees are present either in adjacent uncut timber or on the 
cutting unit. What is "adequate" is a difficult question. The number 
required to produce optimum regeneration during poor seed years can 
yield severe overstocking during good seed years. Some natural burns 
appear to have developed good stands from very few seed trees. A 
compromise has to be reached between the potential for under and over­
stocking. It is best to err on the side of overstocking since the 
stands are productive enough to warrant thinning expenses and larch 
does not tend to stagnate to the same degree as lodgepole pine. Where 
larch seed trees in adjacent uncut timber are rare, a seed tree cut is 
called for. This procedure has the advantage of a uniform seed supply 
so that the problem of overstocked clearcut edges and understocked 
centers is diminished, and also offers opportunities for genetic 
improvement if the best trees are left as seed trees. The major 
economic problem with a seed tree cut is that the seed trees must be 
removed since they are very apt to contain dwarf mistletoe. 
On dry exposures some shelter may be advantageous for seedling 
establishment. Clearcuts differ from natural burns in that the latter 
contain more standing and fallen snags which offer some degree of shade. 
A shelterwood cut may be appropriate in such cases. The residual trees 
must be removed after regeneration has become established in order for 
the young stand to make optimum growth. This requires a second cut 
which may be difficult to execute without seriously damaging the 
regeneration. 
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A potential difficulty with all of this is the tendency toward 
a larch monoculture. As a species becomes more abundant the chances 
of insdct and disease damage become more likely. Larch is abundant 
in the Swan Valley and has also been relatively disease free, and 
thus is a good candidate for extensive management. The introduced 
larch casebearer has damaged larch to some extent but probably can 
be reduced to a minor influence through biological control (Bousfield, 
personal communication 1977). As a general principle, though, it is 
wise to promote and maintain as much biotic diversity as possible in 
the forest. 
There are a number of tree species other than larch which also 
have good management potential in the Swan Valley grand fir region. 
Most notable is Douglas-fir. On clearcuts, Douglas-fir establishes 
after larch, so where larch establishment is good, Douglas-fir does 
not often attain a dominant position. If shelterwood cuts are used, 
Douglas-fir can develop in large numbers. Douglas-fir will make poor 
growth unless the residual tress are removed or the shelterwood is 
very thin. By controlling the amount and timing of removal of the 
shelterwood trees it should be possible to attain stands with varying 
proportions of larch and Douglas-fir. Since Douglas-fir establishes 
in openings in stands on drier grand fir sites, a form of cutting 
taking advantage of this ability could be utilized. Small groups of 
Douglas-fir might be left on some sites. These groups would provide 
some degree of shelter and might be able to retain reasonable growth 
rates until the next cutting. Douglas-fir is windfirm and is also 
free of mistletoe on most sites so that some form of group selection 
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is feasible. Larch is not well adapted to group selection since 
regeneration is best in open areas and mistletoe is a serious problem. 
A mixed larch-Douglas-fir forest might be maintained by some admixture 
of clearcuts, shelterwood cuts, and group selection. Shelterwood and 
group selection could be used on dry sites and where erosion or visual 
impact are serious considerations. All of these types of cuts would 
require slash disposal through burning to obtain successful regeneration. 
White pine grows well over much of the grand f1r area but is too 
prone to blister rust mortality to be depended upon as a major timber 
species. White pine should be able to regenerate well following group 
selection or shelterwood cuts. On some clearcuts and seed tree cuts 
small white pine are common, but establishment is slow so a dominant 
position is not often attained. This species should not be discriminated 
against since the possibility of at least partly resistant individuals 
exists and it is better to let the disease select these out (Williams, 
personal communication 1977). Experimental plantings of resistant 
strains from northern Idaho could be tried but care must be taken 
since these individuals may not be adapted to local climatic conditions. 
Ponderosa pine is a rare component of some drier grand fir stands, 
but appears to be a poor competitor with larch in the grand fir zone. 
On some grand fir sites ponderosa pine has been planted and is growing 
well, but I suspect that larch can grow faster on most grand fir sites. 
Nonetheless, some planting may be advantageous for increasing diversity. 
Grand fir develops beneath larch on clearcuts just as it does 
following natural burns. Such grand fir grow slowly and generally are 
rotten by the time they reach commercial size so they have little or no 
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economic value. When grand fir attains a dominant position at a 
young age, however, the species has good growth potential. This has 
been noted in a few natural stands and appears to be occurring on , 
some clearcuts where larch regeneration failed. In such cases, the 
grand fir can be left, but the important points is to harvest it before 
serious rot develops:(at an age less than 90 years). This could take 
the form of a thinning operation if other species in the stand still 
showed good growth potential, or the stand could be clearcut. Manage­
ment of grand fir for short-term pathological rotation could be 
difficult since the open conditions required for good growth are more 
favorable for the establishment of other species. On shelterwood cuts 
grand fir could develop in significant amounts and be a useful component 
provided the residual trees are removed soon enough to allow an adequate 
period of fast growth before the rot prone age is reached. Redcedar 
has similar characteristics to grand fir but is able to make better 
growth under a canopy and has a little more rot resistance. 
Partial cuts which leave small grand fir or redcedar to form a 
new stand have dismal prospects for wood production. These small trees 
are old and though they will increase in growth rate, rot will render 
them useless before they reach merchantable size. Both this type of 
selective cutting, and all-age silviculture are apt to be very 
unproductive in these forests which are adapted to rapid regrowth 
following complete fire removal but not adapted to prolonged periods of 
climax status. Group selection and shelterwood cuts in some ways mimic 
partial burns but just as with natural fires, canopy removal must be 
extensive to induce vigorous young stands. Clearcutting (or seed tree 
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cuts), followed by burning, comes closest to the natural conditions 
under which most stands regenerate and appears to be the most successful 
method of generating productive young stands. 
Clearcutting has come under extensive criticism for aesthetic 
reasons. Irregular cutting boundaries which follow natural topographic 
discontinuities help to some extent. At least the clearcuts look a 
little more like natural burns. Recently there has been a tendency to 
leave some trees on cuts to ameliorate this criticism. Some trees left 
are potential seed or shelter trees but many are small trees of no 
economic importance or growth potential. It would indeed be tragic 
if aesthetic considerations lead to the adoption of logging methods 
that can only be considered a form of high-grading. Many people feel 
that a forest which forms an extensive green carpet clothing the mountain 
slopes is both desirable and natural. The records of early explorers 
clearly indicate that such a condition is not natural and current 
viewpoints even question the desirability. The public will have to be 
educated to the idea that unbroken old-growth forests do not constitute 
a normal northern Rocky Mountain landscape if forest ecosystems are 
to be utilized efficiently, and if wilderness areas are to be preserved 
in their natural state. 
No detailed, quantitative data were taken on game use during this 
study, but general observations on degree of browsing and the development 
of game trails were made. Dense, pole stands of climax species, with 
little understory, receive minor game use, as do all stands at higher 
elevations which have northerly exposures. The stands showing the 
greatest use were those at low elevations or on warm exposures where 
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snow accumulation should be least. Old open stands with high shrub 
coverage had about as much use as younger stands on similar sites. 
Cutting can increase the amount of palatable browse species on many 
sites, but whether these will be used or not depends on snow accumula­
tion and other factors. Some old low elevation forests (stand #54) 
are heavily used and cutting of these might have adverse affects on 
wildlife due to the loss of shelter. Careful consideration should be 
given before cutting large areas in old low elevation stands that show 
signs of heavy game use. Many cut areas in valley bottoms do not appear 
to have near as much game use as adjacent old stands indicating cover 
may be very critical in such locations. A mosaic of dense stands for 
cover and more open good browse locations should be most advantageous 
on low snow accumulation wintering sites. On low elevation south slopes 
the heaviest use is of open young stands. Some controlled burning might 
be advantageous on these sites (such as stand #17) where shrubs are 
growing out of reach and past game use has been intense. The management 
of deep snow sites may be less important since these are of no use 
during critical late winter periods. 
Recreational use of the forest will increase with time. At present 
the grand fir sites are not used much since most people are more 
attracted to the lakes, and to higher mountain areas above the grand fir 
zone. There is some private land on the valley bottom and the develop­
ment of summer homes can be anticipated on some of this. I suspect 
that these people will not directly use the mountainside grand fir forests 
much but will be upset if the view out of their picture windows is not 
pristine. The same can be said for travelers on the Swan Highway. 
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Most of the recreational use of the grand fir stands will probably 
continue to be by people sightseeing or traveling through. 
Since in a few years most of the old forests in the lower eleva­
tions of the Swan Valley will probably be cut, it would be appropriate 
at this time to preserve a few locations as natural areas. The old 
larch-white pine-grand fir stand near Soup Creek campground (T24N, 
R17W, part of Sect. 27 and 28) and the redcedar grove on South Woodward 
Creed (T23N, 18W, part of Sect. 27 and 28) would be worth considering 
for natural area status. In addition, some representative samples of 
old mountainside grand fir stands should be saved. 
Since the grand fir region of the Swan Valley is already partly 
logged, largely roaded, and capable of producing productive forest 
stands, the major land use of most sites will be timber production 
which should employ intensive silviculture. Some modifications of 
cutting procedures will have to be used to minimize visual impact, but 
many types of forest recreational use and logging can coexist. Some 
modification of cutting methods will also have to be employed to protect 
cover on big game wintering areas. On some very steep slopes logging 
will have to be restricted or done using special techniques in order to 
prevent erosion and stream sedimentation. In general, though, most of 
the grand fir sites are well suited to management for timber production 
provided these other factors are taken into account. 
CHAPTER VII 
SUMMARY 
Abies qrandis is abundant and potentially climax over much of the 
Tower Swan Valley between the valley bottom (900 m) and 1500 m elevation. 
Two major compositional trends were found to occur within the grand fir-
containing forests. Site moisture is related to one of these and is 
the primary physical factor responsible for determining the variation 
exhibited in vegetational composition. Water relations are influenced 
by a myriad of conditions of which topographic position, seepage, 
bedrock, and geographic location were found to be most important. 
Soil and bedrock affect the vegetation primarily by influencing water 
status. Temperature sets the upper boundaries of the Abies grandis 
zone but does not contribute much to the variation within the grand fir 
forests due to the small segment of temperature variation present. 
Successional development is related to the other major compositional 
trend present in the vegetation. Although ground fires occurred within 
the grand fir forests, high intensity replacement burns separated by 
long time intervals were more significant. Most present day stands 
were initiated by such fires. Western larch establishes after hot fires 
and forms the dominant layer in many stands. Lodgepole pine is present 
in most young stands but the species has been eliminated from many 
sites by the long intervals between fires. When larch or lodgepole 
pine fail to establish on a burn, some mixture of Douglas-fir, white 
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pine, grand fir, and spruce will slowly form a new stand. The major 
species change in the herbs and shrubs occur upon canopy closure. 
After canopy closure understory changes involve alteration in relative 
abundance but not species replacement. 
Stands which can be termed "climax" are almost non-existent due 
to fires. A mosaic of various aged, fire induced serai communities 
is the natural mode of the vegetation. Conditions are best for grand 
fir establishment in the first few years of stand development after 
which most regeneration is confined to openings. Grand fir can with­
stand heavy shade but makes very slow growth so that most small ones 
are old, and often are as old as nearby large trees which had overhead 
light during their development. Other tree species can also establish 
in openings so that there is no clear tendency toward complete one 
species dominance. On the wetter sites where grand fir occurs, redcedar 
can form stands, but which species predominates is determined by 
conditions during the post-fire establishment period. Redcedar 
establishes well on recent burns but not later during stand development. 
In older stands there is no clear tendency for redcedar to replace grand 
fir or vice versa and stands burn before any subtle long-term trends 
can be expressed. The species composing the grand fir forests are not 
adapted to fill roles in climax stands but rather in the predominant 
fire induced serai communities. 
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APPENDIX A 
SPECIES LIST FOR NATURAL STANDS 
Species 
# of 
stands 
n=56 
TREES 
Abies grandis 50 
A. lasiocarpa 29 
"Betula papyrifera 26 
Larix occidental is 54 
Picea sp. 44 
Pinus contorta 31 
P. monticola 35 
P. ponderosa 11 
Populus tremuloides 1 
P. trichocarpa 3 
Pseudotsuga menziesii 54 
Thuja plicata 29 
Tsuga heterophylla 4 
SHRUBS 
Acer glabrum 53 
Alnus sinuata 6 
Amelanchier alnifolia 28 
Berberis repens 43 
Ceanothus sanquineus 3 
Clematis columbiana 9 
Holodiscus discolor 13 
Juniperus communis 2 
Lonicera ciliosa 22 
L. involucrata 1 
L. utahensis 26 
Menziesia ferruginea 24 
Oplopanix horridum 3 
Pachistima myrsinites 46 
Prunus emarginata 3 
Rhamnus alnifolia 5 
Ribes lacustre 10 
R. viscosissimum 9 
Rosa gymnocarpa 51 
Rubus idaeus 1 
Species 
R. parviflorus 
Salix Seouleriana 
Shepherdia canadensis 
Sorbus scopulina 
Spirea betulifolia 
Symphoricarpus albus 
Taxus brevifolia 
Vaccinum globulare 
HERBS 
Actaea rubra 
Adenocaulon bicolor 
Allium cernuum 
Anaphalis margaritaceae 
Antennaria microphylla 
A. racemosa 
Apocynum androsaemifolium 
Aralia nudicaulis 
Arctostaphylos uva-ursi 
Arnica cordifolia 
A. latifolia 
Aster conspicuus 
Athyrium felix-femina 
Botrychium virginiana 
Bromus vulgaris 
Calachortus apiculatus 
Calamagrostis rubescens 
Calypso bulbosa 
Campanula rotundifolia 
Carex concinnotdes 
C. geyeri 
C. rossii 
Chimaphyla menziesii 
C. umbel lata 
Clintonia uniflora 
Comandra livida 
# of 
stands 
n=56 
32 
14 
15 
12 
49 
25 
20 
47 
5 
17 
1 
1 
1 
3 
5 
12 
1 
8 
27 
7 
4 
1 
36 
4 
25 
1 
1 
29 
3 
6 
3 
50 
51 
1 
212 
213 
# of # of 
stands stands 
Species n=56 Species n-56 
Coptis occidental i s 1 Melapyrum lineare 6 
Coral!orhiza maculata 12 Melica subulata 18 
C. trifida 1 Mitella nuda 2 
Cornus canadensis 10 Monotropa uniflora 9 
Cystopteris fragilis 3 Oryzopsis asperifolia 11 
Descampsia cespitosa 3 Osmorhiza chilensis 34 
Disporum hookeri 36 Pedicularis bracteosa 4 
D. trachycarpum 8 P. racemosa 13 
Dryopteris austriaca 1 Polystichum lonchitus 1 
D. felix-mas 1 P. muni turn 3 
Elymus glaucus 2 Pteridium aquilinum 22 
Epilobium angustifolium 4 Pterospora andromedea 2 
Equisetum arvense 1 Pyrola asarifolia 23 
Erythronium grandiflorum 1 P. chlorantha 25 
Festuca occidental is 17 P. picta 10 
Fragaria vesca 19 P. secunda 39 
F. virginiana 3 P. uniflora 4 
Galium triflorum 20 Senecio triangularis 1 
Goodyera obiongifolia 50 Smilacina racemosa 10 
Gymnocarpium dryopteris 10 S. stellata 44 
Habenaria elegans 2 Streptopus amplexifolius 1 
H. orbiculata 6 Thalictrum occidentale 27 
H. unalaskensis 1 Tiarella trifoliata 22 
Hieracium albiflorum 34 Trillium ovatum 11 
Linnaea boreal is 42 Veratrum viride 2 
Listera caurina 27 Viola adunca 2 
L. cordata 10 V. glabella 2 
Lupinus sp. 5 V. orbiculata 46 
Lycopodium annotinum 1 Xerophyllum tenax 43 
L. complanatum 1 
(nomenclature follows Hitchcock and Cronquest, 1973) 
APPENDIX B 
2 B-1. Density of stems in the 375m sample plot by species and diameter class (1 = trees>1.5m tall and 
<1 dm in diameter; 1-3 = trees between 1 and 3 dm in diameter; 3 = trees>3 dm in diameter) 
Abies Thuja Pseudotsuga Pinus Larix Pinus Abies Picea Betula 
Stand grandis plicata menziesii monticola occidental is contorta lasiocarpa sp. papyrifera 
No. 1 1-3 3 1 1-3 3 1 1-3 3 1 1-3 3 1 1-3 3 1 1-3 3 1 1-3 1 1-3 3 1 1-3 
1 25 n 3 1 1 1 5 1 3 1 
2 25 48 3 1 1 1 4 1 
3 4 4 1 1 1 3 1 7 3 6 1 1 
4 42 9 2 4 1 7 1 3 1 1 
5 13 5 30 24 12 2 12 9 2 14 5 7 4 
6 10 10 1 6 2 3 1 1 
7 62 27 2 5 2 2 22 4 2 10 5 
8 13 5 1 3 3 3 3 1 1 2 1 
9 2 1 4 5 6 1 1 1 
10 4 5 1 15 5 1 2 
ro 
11 
12 
13 
14 
15 
2 16 
17 5 
640 
7 
198 4 
11 11  
26 21 
22 14 
1 1 1 
2 10 26 
90 34 
422 16 
1 
1 10 
1 
9 10 
2 
4 
T 
1 
1 2  
B-1. (continued) 
Abies Thuja Pseudotsuga Pinus Larix Pinus Abies Picea Betula 
Stand grandis plicata menziesii monticola occidentalis contorta lasiocarpa sp. papyrifera 
No. 11-3 3 1 1-3 3 11-3 3 11-3 3 1 1-3 3 11-3 3 1 1-3 11-3 3 1 1-3 
16 20 20 6 17 5 2 1 1 
17 2 3 15 2 1 1 5 22 
18 154 28 1 1 6 3 7 3 5 3 4 2 
19 326 17 5 103 19 100 
20 3 1 6 1 3 7 57 42 2 
21 5 13 4 3 2 2 1 1 
22 8 4 83 3 6 4 5 2 1 2 
23 5 12 2 3 8 1 3 1 1 
24 9 13 3 1 2 2 
25 5 2 6 1 9 1 1 
26 34 9 1 1 4 8 1 7 5 2 
27 3 2 3 14 5 1 5 1 1 
28 15 13 6 1 2 1 2 1 
29 23 7 37 4 4 1 2 1 4 6 
30 27 1 11 41 14 17 32 8 6 
l̂ 0 
en 
B-1. (continued) 
Abies Thuja Pseudotsuga Pinus Larix Pinus Abies Picea Betula 
Stand grandis plicata menziesii monticola occidentalis contorta lasiocarpa sp. papyrifera 
No. 11-3 3 1 1-3 3 11-3 3 11-3 3 1 1-3 3 1 1-3 3 11-3 1 1-3 3 1 1-3 
31 1 1 1 5 13 3 1 1 4 
32 10 6 3 1 75 51 6 3 1 18 
33 1 6 4 7 1 6 
34 6 5 7 6 5 2 4 1 
35 9 1 1 1 4 1 8 3 1 1 1 2 15 2 2 
36 5 4 1 1 1 2 2 5 37 20 
37 2 1 1 4 90 21 5 1 
38 23 37 1 1 4 1 2 2 3 9 
39 5 8 2 3 21 4 1 6 1 2 1 
40 20 18 4 1 3 1 1 1 4 
41 6 2 1 1 6 2 16 1 
42 1 47 55 
43 5 10 36 2 1 11 1 2 
44 7 20 23 2 51 14 34 39 38 
45 13 3 10 12 9 51 5 1 
ro 
B-1. (continued) 
Abies Thuja Pseudotsuga Pinus Larix Pinus Abies Picea Betula 
Stand grandis plicata menziesii monticola occidentalis contorta lasiocarpa sp. papyrifera 
No. 11-3 3 11-3 3 11-3 3 11-3 3 11-3 3 11-3 3 11-3 11-3 3 11-3 
46 5 8 3 2 2 4 2 2 3 2 3 2 
47 5 7 4 1 2 1 3 
48 3 1 2 5 1 2 5 4 4 1 5 
49 35 11 1 4 3 1 1 3 3 1 3 5 3 2 
50 54 15 2 1 14 18 1 3 5 
51 2 2 47 21 1 2 3 2 5 2 2 1 
52 4 4 1 3 4 2 3 7 1 4 1 3 2 1 
53 13 15 1 3 2 4 8 1 2 4 1 1 
54 1 - 1 1 12 15 2 5 1 1 1 
55 10 16 3 1 7 2 1 1 1 4 1 1 1 
56 25 
i-2. Stand basal area by species 2 (m /hectare) 
itand 
No. A.g. T.p. P.me. P. mo. L.o. 
1 19 6.3 44 
2 34 5.1 27 
3 5.9 .9 12 45 
4 6.9 19 5.6 34 
5 3.2 14 1.4 5.1 
6 15 25 17 
7 13 5.9 1.6 
8 8.5 24 36 
9 7.7 41 46 
10 3.2 31 
11 9.3 
12 22 46 3.2 2.0 
13 3.5 .9 13 1.4 16 
14 20 6.9 19 
15 127 
16 19 30 9.1 
17 .1 .1 1.7 .5 
18 25 3.2 25 
19 6.9 2.3 
20 .9 4.8 
21 29 18 
22 2.6 8.0 .1 21 
23 18 34 8.2 
24 20 12 12 18 
25 36 
P.c. A.l. P. T.h. B.p. Total 
.2 1.2 71 
.5 67 
4.1 2.2 69 
.2 2.6 1.6 71 
9.6 .1 2.0 35 
4 72 
16 1.0 2.6 40 
.7 2.6 72 
.2 1.1 96 
2.7 37 
23 32 
6.4 80 
6.9 .1 42 
.2 .2 46 
.1 19 138 
.9 3.5 62 
15 17 
18 2.2 2.0 76 
12 .1 2.3 35 
26 .1 32 
2.5 9.8 60 
8.8 .1 .1 41 
.5 61 
62 
.7 .1 37 
B-2. (continued) 
Stand 
No. A.g. T.p. P.me. P.mo. L.o. 
26 1 3  6 . 7  3 9  5 . 6  
2 7  1 . 9  2 9  1 4  
2 8  3 8  6 . 7  6 . 4  1 6  
2 9  7 . 2  4 . 3  1 5  3 . 5  1 1  
3 0  1 . 2  . 5  8 . 5  
3 1  3 . 5  2 3  3 0  
3 2  4 . 0  . 5  2 7  1 . 3  
3 3  6 . 7  4 5  1 1  4 4  
3 4  2 . 9  2 3  1 5  
3 5  4 . 0  6 . 7  4 . 5  1 4  
3 6  6 . 4  2 2  
3 7  8 . 3  5 . 6  3 9  
3 8  2 5  5 . 3  2 . 9  1 1  
3 9  1 2  3 1  4 . 8  
4 0  2 6  1 9  
4 1  1 1  . 9  1 4  
4 2  . 5  
4 3  . 2  2 5  4 . 5  1 6  
4 4  . 2  . 7  1 . 8  8 . 8  
4 5  . 3  . 3  1 0  
4 6  1 9  1 4  1 0  1 5  
4 7  2 2  . 9  1 2  
4 8  7 . 5  2 7  1 . 6  1 9  
4 9  1 0  7 . 5  1 2  1 8  5 . 6  
5 0  1 1  1 . 1  2 0  
P . O .  A.l. P. T.h. B.p. Total 
3 . 7  . 1  6 8  
. 2  4 5  
. 5  6 8  
8 . 8  5 0  
1 7  3 . 3  3 1  
5 7  
1 1  4 5  
1 0 7  
7 1  
2 . 9  . 4  2 , 3  3 5  
. 1  . 3  1 5  4 4  
1 3  3 . 2  6 9  
8 . 0  5 3  
1 . 4  . 7  4 9  
2 . 0  3 . 5  5 0  
1 7  1 2  4 3  
2 7  2 7  
1 . 4  4 8  
1 9  . 7  3 1  
2 0  . 3  . 2  3 2  
6 . 1  1 . 6  6 6  
1 5  5 0  
2 . 0  3 . 2  6 1  
2 . 9  1 . 1  5 8  
1 3  2 . 7  4 8  
B-2. (continued) 
Stand 
No. A.g. T.p. P.me. P.mo. L.o. 
51 2.0 18 11 22 
52 6.9 15 .1 4.8 4 
53 13 9.9 2.5 36 
54 2.9 .9 22 21 
55 22 .2 1.1 8 
56 .5 
A,g. = Abies grandis 
T.p. = Thuja plicata 
P.me. = Pseudotsuga menziesii 
P.mo. = Pinus monticola 
L.o. = Larix occidental is 
P.c. = Pinus contorta 
A . l .  =  A b i e s  l a s i o c a r p a  
P. = Picea sp. 
T.h. = Tsuga heterophylla 
B.p. = Betula papyrifera 
P.c. A.l. P. T.h. B.p. Total 
14 4.5 71 
8.3 2.3 .5 42 
1.2 2.3 .7 65 
.9 .7 49 
.4 1.0 .5 33 
56 57 
ro ro 
